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DEDICATION 


The Review wishes to dedicate this number to DR. ESMOND BR 
LONG, its former Editor-in-Chief and permanent Consulting editor 

This number was orginally chosen for the dedication because Dr. Long 
is retiring next month from his POSITIONS is Director of Medical Re 
search of the American Trudeau Society and Director of the Henry 
Phipps Institute of the University of Pennsylvania 

The emphasis ta personal dedication necessanly rests on what a man 
has done. Hence, no matter how felreitously it may be phrased, a dedi 
cation carries with it the implication that not much more is to be expected 
from that man in the future 

In the present case, the subject has been quite unaware that this dedi 
ention Was planned Thus, in all innocence he more or less confounded 
the dedicators by submitting for publication a report on some current 
laboratory investigations earned on by him and his associates (page 609 
To confound the dedicators even further, their subject’s studies have 
been conducted with certain of the most modern basi techniques in 
eluding the use of radioactive isotopes 

In short, Dr. Long, in his quiet and wholly innocent way, refuses to 


stay static and unprodus tive long enough to be dedicated” for what he 


has done. This is perhaps as good a reason as the many others why the 


Review wishes to dedicate this number, with the greatest affection and 


respect, to its former Editor-in-Chiet 


March 28, 1955 luke Eprror 
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THE CARBON METABOLISM OF THE TUBERCLE BACILLUS 
Studies with Isotopic Carbon 


ESMOND RO LONG, RE DOLPH JO ANDERSON, DAVID RITTENBERG, MANERED 
L. KARNOVSKY, a HOWARD HENDERSON 


1, 


IN Titobt cris 


Phe investigation here desernbed was designed to determine the manner im 
whieh the tubercle bacillus utilizes certain fowmdstulls the production ol 
its own energy and the brosvothesis of its structural elements and characteristy 
products It was hoped that some of the chenueal pathway followed in the ana 
of growth and multipleation and the e oot metabolism 
could be identified. It was belreved that establishment of fundamental knowledge 
on these phisase of the metabolism of the tubercle bacilla bee alunable as 
a basis for turther mvestigations on the mechanisms concerned im drug sus 
ceptibility and resistance and vanations in the virulence of different strain 
tubercle 

The project wa organized to make use of tracer carbon im the form: of ear 
bon and carbon! for the purposes named. Many investigators have used isotope 
carbon m studying bacterial metabolism. Chiamon, South, Nishihara, and 
ler (1) have reported the utilization by the IIS7R tram of tubercle bacillus of 
acetate contaming carbon! in the carbo Vi position and glucose ith all carbon 
atoms labeled Lipid contaming carbor vere found to bn vithesized by the 
bacillus. They found the is not markedly affected by the presences 
al 

the experiment here desernbed, a study was pro 
duction and svothesis of characterists ol the from 


units known to be of fundamental simnifi wen the grow wl metabolism of 


iy 
a 
From the Hens of Pens Sterling Chemistr 
Laboratory, Yale University; College of Physicians and Surgeons, Columbia Universit es oe 
ergy Comumisstot md the N \ssoctation 
tare 
= 


H10 LONG, ANDERSON, RITTENBERG, KARNOVSKY, AND HENDERSON 


the microorganism. For this purpose three compounds were used: acetic acid, 


glycerol and carbon dioxide 
PLAN OF INVESTIGATION 


(s lipids comprise a major part of the tubercle bacillus and since acetate has 
repeatedly been shown to he the precursor of the “active acetate in olved in 
fattv acid biosynthesis, otopic acetate labeled in either the methyl or carboxyl! 
group, Was used in these studies as the first of the compounds of fundamental 
interest 

For this purpose earbon' was employed Sodium acetate in the form of 
and 1ONa, in separate experimetits, Was incorporated 
in simple, nonproten media in a series of growth trials in) whi h tubercle 
hacili were cultivated on the surtace ol the medium, 

The sec ond of the two fundamentally important chemical compounds employed 


was giveerol. The growth-promoting properties ol this substance for the human 


type tule rr le illus have long ben recognized It knowledge 


that glycerol influences the synthesis of the peculiar fatty substances in which the 
bacillus is rich, but there has been no precise understanding of the manner in 
which it does this. Studies in which a label ts located at known positions in the 
substrate molecule should be ideal for the solution of this problem With this 
objective, glycerol was labeled with earbon'*. The latter was introduced for 
separate experi vents in two positions in the molecule, viz the alpha position 
CHOL- CILOH and the beta position 
The third compound studied was « arbon dioxide It is well known that carbon 
dioxide miay be fixed by metabolizing SVstets and it was ¢ onsidered ol consider 
able interest to determine to what extent this occurs in the tubercle bacillus, into 
what compounds CO), incorporated and the position ol incorporation of the 


fixed carbon in these compounds 


Culture Medium 
Culture filtrate Tubere bacith Carbon dioxule 


proter carbobvadrate 


acid 
Palmitie acid 
Phthiove acid 
Mycocerosice acid 
Phthiocerol 


ome of the fractionation of bacill and products for analysts 


er, 
Defatted 
cove 
ip 
| 
1. Seb 
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In all of then periments, tubercle bacilli were inoculated on the surface of Long's 
svuthetic medium in which the substances named were incorporated, and after six weeks’ 


ltures were collected and an zed. Thee yperiments were ¢ armed out in closed 


growth the eu 
sVatems the studies with ietate and ¢ ul cerol, the carbon produced during 
bacillary growth was collected as sodium carbon or barium carbonate 

At the end of each experiment the baci vere filtered off and fractionated chemu 
Phe soluble products of growth in the culture medium, viz serluatele: pore nand pol iu“ 
charide, were also collected and purthed. A general scheme for the fractionation ts shown in 
figure 1. Chemical i sotopie analyses were made to determine the presenes ind amount of 
carbon in roduects of growth and metabolam, meluding the earbon dioxide 
produced, 

The project was « f out a8 a cooperative enterprise in shich the following parties 
pated inthe manner it cated. The media were prepared with isotope carbon constituents 
by Ho J. Henderson and E.R. Long at the Henry Phipps Institute. These investigators grew 
the bacilli, collected the earbon dioxide, separated the bacilh from the culture filtrates and 
with the cooperation of | 6. Seibert, isolated the soluble protein and carbohydrate 

( lubeled acet vas obtained from a commercial source. The bacilli from the exper 

sith ¢ | te were sent to Ro J. Anderson at the Sterling Chemistry Labo 
Yale Universit Tt traction and fractionation of the lipoieds The fractionation was 
ried out by methods developed in the course of an extensive investigation of the chem 
the tubercle bacillus with special reference to the lipid components (4 Phe lipids 
extracted tbaciilar protemn ind ecarbohvdrate and carbonates [rom the ear 
bon dioxide produced were anal zed by David Rittenberg and Lau 
Colle ge ol Physicians and S ingeons of Columbia Universit 

In the experiments with glveerol and carbon dioxide, the preliminary steps is outlined 
thove were made by Henderson and Long at the Henry Phipps Institute and the 
soluble protein and carbohydrate and carbonates were sent to ML. Karnovel 
physical Laborate of Harvard Universit sho, with his associates, analyzed all products 
for the presence and amount of carbon’. Dr. Karnovsky also prepared the ¢ lubelod phys 


erol and ¢ labeled carbon diexide used in the culture media (4 


KEStULTS 


Vetabolism of C“@dabeled acetic acid: Experiments with separate labeling of the 
earboxvl and methy! carbon atoms of acetic ac id showed that during gro vth ear 
bon dioxide was produced in large quantity from both of these radical Ti thi 
connection it should be noted that acetic acid does not appear to be used when if 
is supplied to the tubercle bacillus as the sole source of carbon (5 When ineor 
porated in media with other sourees of carbon however, as in the experiment 
here reviewed, it appears to be metabolized readily When analyses were made for 
other growth products than carbon dioxide in’ such experments, carbon’ was 
found widely distributed in the bodies of the bacilli, their lipids and structural 
elements, and in the soluble proteins and polysaccharides produced ino their 
growth. Thus, both the methyl! and carboxy! radicals of acetic acid enter into the 
major carbon eyveles concerned in the metabolism of the tubercle bacillus 

In the utilization of acetic acid carbon for the production of its charactertsty 
components, the bacillus appeared to concentrate it in the lipid to a greater ex 


tent than in its protein and carbohydrate elements. However, it was still a con 


spicuots part of the latter two fractions. The result conformed with the accepted 


view that acetic acid serves as a building block, particularly tor the fats of the 
bacillus, and that other sources serve in greater degree for the proteins and cat 


bohvdrates 


bial 
= 
H 


HITTEN BEM 


PALI 


lractions isolated for the purposes of this series of experiments are indicated 
in figure 1. In a typieal pair of experiments, carbon", supplied respect ely in 
the carboxvl and methyl! radicals of sodium acetate, was found widely distributed 

VWetahboliam of ¢ labeled glycerol: Experiments with separate labeling of the 


yiveero: serves it 


alpha ind beta carbon atoms of giveerol howed that 
ourcee both for energy and svothesis of all of the major components and chara 
teristy prodiuet of the bacillus Regardless of its position in the glycerol molecule 
the earbon' of glveerol was readily burned, appearing in large quantity in the 
expired carbon dioxide, Glycerol carbon was found also in all of the major trae 
tions of the bacillus | olated after growth on lable led giveerol In addition to a 
large amount of the original glycerol, carbon was found at the end of the exper 
ment in compounds of low molecular weight vhich are for the most part still 
unidentified. In certain of these experiments the glycerol supplied 3 per cent by 
weight of the original culture medium) was completely used up 

At the end of the experiment, in one series the distribution of the ormwinal 


ylveerol carbon Was follows 


ent entere 


2 per cent ay 


popper i 


per ‘ approxim | per eel 


low ‘ rt ind other metaboly 


eulture tedium 


Phe high pereentage in the form of compounds of low moleculat weight Was 
believed to be of special significance and will be the subject of future investiga 


tion 
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CARBON ISOTOPES IN M. TUBERCULOSIS Gl: 


Vetabolism of Clabeled carbon dioride: In the experiment to study carbon 
dioxide fixation. it was found that carbon't from the C™O, appeared to a con 
siderable extent in the soluble protein tuberculin) and to a lesser extent in the 
soluble polysaccharide. It was present also in the lipids and body structure of the 
organism. These findings are illustrated by the following data. based on two ex 
periments in which growing tubercle bacilli were supplied with carbon dioxide 
labeled with carbon! The specity activity of the carbon lioxide recovered trom 
the flasks at the termination of the experiment, Le residual C'“"), ongimnally in 
troduced in the flask plus carbon dioxide produced by the bacillus from its sub 
strate. is set arbitrarily at 100. On this basis the specific activities of the carbon 
of the dned bacill in the two experiments were 2 5 and 7.5. Those of the soluble 
protein earbon were 50 and YOO and those of the soluble polysaccharide O7 
and 0.05. The differences reflect the stage of growth at which the carbon chronicle 
was introduced. During the course of the experiment the specie aetivity of the 
CMO. introduced in the flask was diluted twenty-five fold by carbon dioxide 


produced from the ubstrate by the organism 


‘The program has been successtul on demonstrating the alue of the method 
used and indicating what steps should be taken to obtain: precise information on 
the nature of the svntheses involved in formation of the constituents of the bacil 
lus and the source of the principal metabolic products 

Che results throw further light on a fact long appreciated, viz the extraords 
nary capacity of the tuberele bacillus to lnold complex substances trom very 
simple ones. The distribution of labeled carbon in all fractions studied confirms 
idence indicating that the process Lor en ho of the characteris 
tic compounds starts with verv small chemical molecules, rather than large ag 
gregates, and emphasizes the advisability of further studies on those enzymes ol 
the bacillus concerned with the digestion and hydrolysis of the larger molecule 
present in the food supply of the bacillus in mature 

It was claimed long ago that some carbon dioxide is necessary tor the growth 
of the tubercle bacillus. In the studies here reported, it wa found that carbon 
dioxide fixation and, as might be ¢ xpected from results with other 
Organistis the protein lraction pro edd rast coneerned the fixation 

Che investigation has laid useful groundwork for further advance in studying 
compounds of low molecular weight produced in the metabolism of the baciilu 
Phese are present in large amounts in six-week cultures of the bacillus and may 
represent both degradation products of previously evithesized larger molecule 
in the bacillus and modified constituents of the medium ill be built inte 
structural material. Work is in progress to determine the location of radioactive 


carbon in individual, selected, pure isolated sugars, amine acids, and fatty acid 


produced by hvdrolvsis of larger molecules. Data on compounds obtamed trom 


growth on different labeled substrates should provide useful information on the 


pathways available to the tubercle bacillus Identification of sore 
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of the compounds may furnish leads on nonutilizable analogues of products 


normally produced which might be of therapeutic interest 
The technical details of the experiments here reported and others to follow 


will be reported in subsequent papers 


StUMMAKY 


Isotopic carbon supplied to growing tubercle bacilli in separate experiments in 
in the methyl and carboxy! groups of acetic acid, as carbon'* 


the form of carbon 
in the alpha and beta positions of glycerol, and as carbon dioxide became widely 


distributed in the body of the tubercle bacillus and its soluble products in the 


course of bacillary growth 
\ relatively high proportion of the labeled carbon of acetic acid and glycerol 
was ultimately found in the bacillary lipids. A signifieant proportion of the ear 


hon of labeled carbon dioxide was fixed by the bacillus, particularly in the sol 


uble protein produced during growth 
Carbon dioxide containing labeled carbon was given off in conspicuous amounts 
when tubercle bacilli were grown in separate experiments on labeled acetic acid 


and glycerol, indicating extensive consumption of these substances in the course 


of metabolism 


SUMARIO 
El Metaboliamo Carbénico del Bacilo Tuberculoso Estudiadoe con Carbone Lsoténico 


El carbone isotépico suministrado a los bacilos tuberculosos en vias de desarrollo en 
chatintos « (perimentos en forma de carbono"™ en los grupos metilico vy carboxilico del deido 


wético, en forma de carbono'' en las posiciones alfa y beta del gheerol y en forma de bidxido 


he carbono, ampli imnente neleuw rpo del bacilo tube reuloso en sus produc tos 
een el del ke sarrollo il if 

los lipidos bacilares, se encontré por fin una proporeion re lativamente alta del carbono 
rotulade del decide acético y del glicerol. Una proporeién importante del carbono del bidxide 


de earbono rotulado fué fijada por el bacilo, en particular en la proteina soluble producida 


durante el desarrollo 
Se emitid bidxido de earbono que contenta ¢ iurbono rotulado en eantidades notables 


cuando se eultivaron bacilos tubercuiosos en distintos experimentos et Acido acético \ 


ghicerol rotulados. indicando esto extense consumo de esas substancias en el transcurso del 


metabolisme 


KESUME 


Etude aur le métahboliame du ca hone du bacille tuberculeur a Uaide de ca hone taotlo pe 


Le carbone isotope fournt aux bacilles tuberculeux pendant la phase de croissance, au 


cours dexpérimentations séparées sous la forme de ¢ dans le méthvle et le earboxvle de 
rcétique et sous la forme de dans la position ilphia et béta du ulyveérol et A l'état 


a ‘ rete rapidement disperse dans le corps du bacille le h et dans 


produits solubles ndant la riode de déve ment 
Une proportion relativement élevée du carbone mare ué de acide acétique et du glyeérol 
i 
1 6té on dernier lieu découverte dans les lipides bacillaires Une proportion importante du 


C' de Vanhydride carbonique marqué était fixée par le bacille, en particulier dans la pro 


téine soluble produite durant |e développement 


L’'anhyverice carbonique renfermant le carbone marqué était éliminé en quantité re 
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marqualole quand lanes des ¢ Yperiences separces les bacilles tubere ileunx étarent cultives 


dans un milieu contenant soit l'acide acétique soit le glyeérol marqueé, ce qui indiquarnt une 


consommation extensive de ces substances au cours du métabolpme 
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INTRODUCTION 


Primary serofibrinous pleural effusion, so-called “idiopathic pleurisy with 
effusion.” has always been a malady not only of great clinical interest and im 
portance but also of somewhat “uncertain” and, therefore, mtmguing etiology 
and pathogenesi» Not to go back further than Koch's discovery (1SS2) of the 
tubercle bacillus, it is plainly evident that doetors for a long time have been 
struggling to determine whether acute pleurisy with effusion was or was not a 
benign affair, or was or was not due to infection with the tubercle bacillus 

The present paper is a report of 141 cases of primary serofibrinous pleural 
effusion in voung adult white men with five or more years of follow-up obser 
vation. It indicates the tuberculous nature of this form of pleurisy and empha 
sizes the importance of adequate immediate treatment and long-coutinued 
observation to prevent relapse. Full appreciation ot the clinical problem can be 


gained from a review of previous observations 


Tlistorical Reevieu 


Frank Donaldson,* writing in Pepper's A System of Practical Vedicine by 

tmerican Authors (1885) (1), summarized current opinions and his own, Quoting 
| 

Bartholow, he wrote The Hnportance ol pleuritis as a cnuse ol phthisis Is 

hardly sufficiently recognized in inducing tubercular deposit, and by adhesion 


limiting the movements of the organs, and thus inducing diseases.” Again, he 


quoted Anstie to the effect that “it is now well established not merely that 


pleurisy often oceurs in phthisical lung disease, but that pleurisy itself ts « apable 
of setting up true tuberculosis even in previously healthy persons.”” Donaldson 
added: “Modern authors thus consider that a productive field is offered for the 
bacillus tuberctuloss 


From the Seetion for Research on Minimal Tuberculosis, US. Army Medical Research 


and) Development fourd Arm vital the Universit of Colorado 


School of ‘ er. Colorado 
This study wa ‘ Initiated in Januar 144. with Dr. James J. Waring as 


Responsible Invest or. Colonel George | Aveock and Colonel Esmond R. Long as con 


sultants. and Lt. Colonel William Hl. Roper as Director of the Seetion 

Phe compilation of this " ws aided by the generous cooperation of Veterans Ad 
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Division of Tuberculosis Control, New York State Department of Health, Alban) New 
York 

Professor of Mecerne limeritus, Universit of Colorado, School of Medicine Denver 
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Clinteal Profess f Diseases of the Throat and Chest, University of Maryland 


he 
Rats 
; 
4 


ground vhen hie vrote 


The serious 


Pulmonary Puberculo Sequel 


ry «lew 


H. F. Viekers na fine paper ISS7 
vith effusion put the matter ‘ 


to Ordinary 
te show the jue i preur \ 


obyect ol this 


m bemg. clinically, the first step tow irds con 


ing sentene 
or, 


with serous 
that a man who has heretotore 


been apparently sound and falls all 


other words 
vith acute pleurt v. be ke etuned. finaliv, to strectimb to pulmonary tubereu 


losis.” Ile quoted Strumpell as sayvirig 


pleuritic effistons vhich 


the large part of the ordinary clinteall eom to be 
Vi kery ulded 


primary, to be tubercular umed that 
every pleurisy is tubercular in tts orgin 


it is briefly this: ly of pleur 


ry, the patient 


to the practy lesson 
alter apparent recoyve tuberculosis and 
ke mands all Poss ble hy 

B Westbrook in bibs papel 
Cause of Phthisis Pulmonalis,” showed a re 
ind the underiving pathology of tuberectlou 


precatitior 

Pleursv as Predisposing 
markably clear appreciation of both 
the el al problem pleurisy. He 


wrote 


tromship 


Caving tilustrats then classified pleurisy antedating plit hist 


as follows 


ite 
pictures 


We 


— 
Donaldson was on less uncerta: : 
l ! i ! r chrome It me eceur du the course of 
ordinary tubs | ‘ ing ‘ ‘ 
dependently ¢ revious disease of the rung 
ice ot tilatera pleural elu mon wa tise to hum 
lt rare im | | 
Wher wt thie however, itis tubercurar we 
grave rent complication. W he reper ! men i 
} ertect tree trom cot 
titutional t » dina the pericardul ‘ ol and one hier 
toneum. The sere all fatal 
4 
Pleurts } o frequet col eal 
tr at tiv tfentioth 
remote. of tubercular disease of the lungs, that itt ' ; 
of clinicians from the « ext times, and there en 
rela hich the two diseases have to each other 
ms owed | ‘ ences ¢ i il ! ! ru i 
rapid course to its fat ter nation. TI the phtl tubs ilar plews demblee 
of Renaud 
j > 
H Vieker ane af the tral 7 f Strempe 1 Terthool Vedicine fe 
Students and P TSS Ad Str Professor of Medi 
is spondylitis deformear cute hemorrhagie encephalitis, and so-ealled 
‘ 


ROPER AND WARING 


It is a form of the disease which is frequently observed both in hospital and in private 
practice both of which L have seen many instances Under this head might also be 
¢neluded the cases reported by Knaevenagel and Jaceoud in which caseous foc are found 
in the lungs immediately subjacent to the inflamed pleura, from which foe: Jaccoud 


mamtains that auto infeetion results 


2. This class includes those cases in which a serofibrinous pleurisy is followed by the 
slow development of chronic interstitial pneumonia the fibroid phthisis of Sir Andrew 
Clark. The future development of distinct tuberculosis in such cases is to be looked for 

whieh all acute or subacute attacks of serofibrinous pleurisy, terminating 
in complete recove ive followed after some months by the development of tuberculosis 
in one or both apiees 

1. Cases in middle age or later in which a serofibrinous pleurisy has become chronic 
While many live for man ears without serious results, “it is nevertheless a fact that 
some of them finally develop tuberculosis, either in the lungs alone or in a general dissemi 
nated form 

5. Finally, those cases of empyema the appearance of which antedates the occurrence 


oft tuberculosis 
Westbrook’s conclusions are: 


1. Serofibrinous pleurisy, simple in origin and terminating in complete recovery so far 
as local manifestations are concerned, may be followed after many months by phthisis 
pulmonals 

2. In all probability the pleurisy in these cases acts as a predisposing cause of the tu 
berculosis. (Compare Fishberg’s comment on “predisposing” on page 622 
3. Primary serofibrinous pletrisy may result in fibroid phthisis with subsequent tuber 
cilosis pulmonum 

1. The natural deduction from these facts is that no case of pleurisy should be negleeted 
In the words of Sir Andrew Clark: “When we have a patient with basic fibrinous pleurisy, 
let us hold him fast, restrict his freedom, and treat him carefully until every remnant of 


it gone 


Close on the heels of these farsighted papers of Vickery and Westbrook came 
the ISSY presidential address (4) before the American Climatological Association 
of Vineent Y. Bowditch (1852-1929) on “Comparative Results of Ninety Cases 
of Pleurisy, with Special Reference to the Development of Phthisis Pulmonalis.”’ 
This carefully documented paper represents an analysis of ninety cases of pleurisy 
which oecurred from 1849 to 1879 in the practice of Henry I. Bowditch’ (1808 
1802), the father of Vincent Y. Bowditch. The writer’s aims were to show how 


many regained their health and how many suecumbed later to phthisis or “other 


probably tubercular disease.” Since this paper is impressive in its follow-up ob 


*Henry Ingersoll Bowditeh (1808-1802), Harvard Medical School graduate in pupil 
of P. ¢ \. Louis, chiefly remembered, according to Garrison, for his advoene of para 
centesis thoracis for pleural effusions Am. J. MI. Sex ISS2. 23. 320). his translations of the 
works of Loum (18396), his book The Doung Stethoacopiat « The Student tid to Auasculation 

Ist probably the best and most detailed deseription of early pulmonary tuberculosis 
that had appeared in America or indeed in any countr up to this time, according to 


mon Brown 
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servations and is furthermore quoted by Osler in several editions of his Prine ipl . 


and Practice of Viedicine it Is summarized here in some detail 
of other distinguished 
1845-1917), of the 


Bowditch began with some references to the OPINLODS 
specialists of the day Notable is the reference to Landouzy 


Paris Faculty of Medicine, who he ld the “most extreme’ view that 


cases of pleurisy are tuberculous and that this so-called “simple” pleurisy trom 


taking cold” mavery rare thing, but that the great majority are the expression 
of an incipient pulmonary tuberculosis which may appear at any subsequent 


time. even after an interval of many years ‘In this opinion he ts enthusiastically 


followed by his pupils J. R.G. Joanney and Alois Mavor, who give Landouzy’s 
views in two theses upon this subject 

In his address, Bowditch lumped together all cases of pleurisy 
wished to “cust out every 


including “dry 


pleurisies, serofibrinous and empyemas ” since he 


ease in which there was the “least evidence of co-existing pulmonary disease (lor 


all know that pleurisy is a frequent accompaniment ol phithisi al tubercle 


we 
mite three 


He divided the thirty-vear period of observation Trom 
decades 
the first two decades (1849 ISTO), approximately two-thirds of 


In brief, 
while one-third lived 


those who died of phthisis suce umbed in seven years or less 


ten to eighteen years longer. Of the total of ninety patients with pleursy, 31 


or 34 per cent died of phthisis and one more was phthisieal.”’ 


Bowditch considered “most unwarrantable the assertion that becatse pleurisy 


develops in any subject who 
are necessarily dependent upon each other the mtervenmg 


He ended his report on an optimistic 


several years before, had had pleurisy, the two dis 


enses every cunt 
period having been one of robust health 


note, “A large percentage ol pleurisy patients recovered they health and never 


had any recurrence 
William Osler’s thoughts about the relationship of tuberculosis to 
" are presented in the first edition (18902) of his Principles 


serofibrinous pleurtsy 
and Practice ol Medicine Dy He said 


For generations physicians have considered cold the potent factor 


ris Phis may be true in many cases, but modern viev 


recognize cold as anything more than a predisposing agent vhiel 
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In the fourth edition of his book (1901) Osler (5) said that he had “reviewed 
the post-mortem records of LOL sticcessive patients who had died on his wards 
with pleunsy— fibrinous, serofibrinous, hemorrhagic or purulent.”’ Only thirty 
two were definitely phthisis. He quoted Hedges’ figures of 40 per cent of one 
hundred and thirty patients with primary pleurisy with effusion as becoming 
tuberculous after seven years of observation. In brief, Osler said “Bacillus tuber 
CULORIS If present in a very large proportion ol all cases of primary oF so-called 
bine Pleurisy 

John B. Murphy (6), in his famous lecture on “Surgery of the Lung,” delivered 
in Denver in June, IS98, before the American Medical Association, said German 
vriters think rhipole pleurisy | tuberculous pleurisy the true nature of which 
is not offen recognized Murphy himself was of the opinion that tuberculosis was 
the etiologic factor in pleurisy and represented the underlying cause of more 
than three-fourths of the ens 

German Sée (ISIS IS96) (7), a distinguished French Professor of the Facults 
of Medicine of Paris, believed that three-fourths of all pleurisies were tubercu 
mand vho said that only twenty-one patients reco bred of 
one hundred and twelve with pleural effusion requiring aspiration, Of the other 
hinety-one patients, twenty-five died of phthisis at home or in the hospital and 
“ixty-six recovered from the pleurisy but were found to be vietims of “confirmed 
phthisis” or other tuberculous disease. Sée did not think that pleurisy a frigore 
or wdlopathie pleurisy was due to the primary direct effect of cold but that chilling 
only favored its development by “permitting the real cause to act more rapidly 
or more efficaciously 

In 1902, Richard ©. Cabot (8) read a paper before the Association of Amer 
went Physi On The Prognosis ol Pleurtsy with serous keffusion Wiis 
an nnportant study of one hundred and fifty-four patients with pleural effusion 
followed by letter and personal visit after ther apparent recovery He con 
cluded this paper: “So far as my statistics go the cases may all be of tuberculous 
origin \t the present day, it is worth comment that thirteen, nearly LO per cent 
of Cabot’s one hundred and fifty-four cases, “contracted” tuberculosis five to 
sixteen years later, Cabot’s use of the word “contract” is disturbing. Did he 


to that the subsequent appearance of tuberculosis was a new 


tion or the relapse of a disease the first manifestation of which was pleurisy 


with effusion, or was he in doubt ? 


In the discussion of Cabot’s paper, M. Harris said 
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Very little comment on pleurisy with effusion can be found in Arnold C. Klebs 
Tuberculosi 1 Treatise by American Authors published m OOO. The words 


pleurisy”’ and “effusion”? do not appear as major items in the index. Ludwig 
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Hektoen (9) in the chapter on Pubercle and Mortnd Anatomy wrote Try the 


of the pleura and the pericardium general tuberculoss 
or trom: Toer in the thoracn lymph 


cus may either 


from the tuberculous pulmonary loc! 


Charles L. Minor (10), in his chapter on uber 


Symptomatology of Pulmonary 1 
culosis’’ said : 


\ pole iral form o ite muiliar tuberculosis seen oct 
secondanly with effusie high fever or graduall Unlike 
marked toxte mypt amd it is apt to end suddenly in men 
dyspnea is out of proportion to the amount of the effusion ma 


and its relation to tuberculosis recen ed much more con 


Pleurisvy with effusion 
sherculost and Its (Complication 


sideration in S. G. Bonney’s Pulmonary 
second edition, published im 1910 11). Bonney wrote that 
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and twenty-six pre the first svinp 


tom referable to the disease. In sixty-seven patients 


pleural effusion preceded other pulmonary signs and symptoms. In forty-two, the 
pulmonary svinptonis deve loped after the of two vears or more to lowing 
the pleurisy; 1 eight, from: one and one-half to two years; in four, Trom: one to 
mime, trom six to twelve months and im four lightly 


one and one hall vears 
One hundred and twenty-six other pa 


less than six months alter the pleurisy 
onset of the pulmonary condition to an panting pleurl 
that an exceedingly large proportion ol 


tients referred the \ 
It is safe to assure said Bonney 


idiopathic serous effusions are ia tually tubercular in character” (p 


Brief extracts from. the works of more recent writers Thay row be given to 


that the most competent and experienced phthisiologists 
applied to acute serofibrinots pleurisy 


show vere just about 
ready to diseard the word idiopathic’ 
In 1917 Landis (12), in that aluable book on diseases of the chest (Norris ane 
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F. T. Lord (13), in his Diseases of the Bronchi, Lungs and Pleura, in 1925, found 
in 1,185 cases of serofibrinous pleurisy that the pleuritis was unassociated with 
positive findings elsewhere in 750 persons (63.4 per cent). The pleural disease was 
combined with suspected or definite pulmonary or other tuberculosis in 160 
patients (13.5 per cent). The lung was involved in 149 persons, with tubercle 
bach in the sputum of 47. Tuberculous peritonitis was present in 9 and tuber 
culosis elsewhere in 2 of the group 

Albert Calmette (14), in his Tubercle Bacillus Infection and Tuberculosis in Man 
and Animals, ii 1923 said: “It (acute serofibrinous pleurisy) appears chiefly in 
individuals who have no evident past history of tuberculosis.” (An implication 
of the primary or post-primary nature of acute serofibrinous pleurisy ) 

Lawrason Brown and Heise (15), in 1931, said: “Pleurisy with effusion should 
always make us suspect the presence of tuberculosis and demand a thorough 
examination of the chest 

M. Fishberg (16) in his book Pulmonary Tuberculosis (1932) from his ex- 


perience said: 


\ pleural effusion is very often the first indication of phthisis Strictly speaking, 
ple uriay cannot be considered predisposing to pulmon iry tuberculosis, because it is in 
iteelf a manifestation of tuberculous disease I have observed a number of cases 
of pleurtiay with effusion which began with hemoptysis. In fact, in several cases the 
disease was ushered in with profuse pulmonary hemorrhage. All those turned out to be 
tuberculous It has been my practice to consider all pleurisies accompanied by 
hemoptysis as tuberculous Are all pleurisies tuberculous? The most important 
prognostic problem in these cases is whether the patient, after recovering from pleurisy, 
will develop pulmonary tuberculosis, and if so, what effeet will the pleural lesion have 
on the immediate and ultimate outlook for recovery. Experience has taught that a large 


proportion of patients with pleurisy ultimately develop phthisis 


Pagel, Simmonds, and MacDonald (1953) say that a considerable proportion 
of persons with idiopathic pleural effusion later have tuberculous disease of the 
lungs or other organs (17). They quote Gesell (1930) to the effect that the presence 
of tuberculous changes in approximately SO per cent of all cases of pleurisy and 
the demonstration of tubercle bacilli in the pleural fluid strongly suggest a tu 
bereulous etiology in most cases of “simple pleural effusion (page 346). Clinical 
evidence supports pathologic evidence that the typical “idiopathic” pleural effu 
sion is tuberculous. Pagel and associates summarize by stating that the frequency 


of pleural effusion in the antecedent history of patients with pulmonary tubercu 


losis, the evidence of the tuberculin reaction, the similarity of these effusions to 
those occurring in confirmed tuberculosis, the high proportion of such fluids 
which contain tubercle bacilli, and the subsequent history of patients with pleural 
effusion all unite to confirm the opinion that so-called primary serofibrinous 
pleural effusion is of tuberculous origin 

\ccording to these writers, pleurisy with effusion may develop under the fol- 


lowing conditions 


|. During the formation of a primary focus. Primary foci which develop as they so 


commonly do in the immediate subpleural area of the lungs are drained not only by the 
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lvmphatice flow towa: he hilum but also by Ivwmphatie channels toward 


pathways so beautifull demonstrated by William Snow Miller 
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another cause It is likely to he followed by pur tuberculosis tau 
proportion Ob cases 


Finally, ¢ and apps 
the majority of these pleurisies are wot truly primary but represent the localized 


Is VWedicine. In all probability 


neiwhbormg tisstie ol ling of 


flaring up of an old inflammatory process the 


glands.” 


From this historical review, certamn conclusions 
association between ple urisy with effusion and phthi tuberculoss 
by many good clinicians, the tendency in some quarters see med to be to « 
uncertainty, as evidenced by the retention of the word iopat ha 
disposing faith here and there in the major, i not etrologu ritbineniecs 
(pleurisy a frigore), and inclusion of empyemas in case reports, Sone 
May have been tuberculous o1 pvopneumothorax many 
more were of nontuberculous orgin It was clear to many student however, that 
tuberculosis was the fundamental cause wute serofibrinous pleurisy with 


effusion. Moreover, the late, even remote, appearance of phth ’ 
vas not overlooked. It should be recalled that 


after acute pleurisy with effusion 
the roentgenogram Was not discovered until ISOS and that. in TOLO, most of the 


sunatoriims were just heyimming to appreciate the alue of the roentgenogram 


in chest diseases. Moreover, it was probably not until the nineteen twenties that 


iven the chest phis <ician by this method of examination 


great help was being g 
mw tor 


Hence, all praise must be given the earlier physicians quoted in this re 


their astute observations 


OBSERVATIONS 


Composition of group The present report includes initial (January, 1O44, to 


early 1945) and five-vear follow-up observations (until late 1950) on 141 military 


personnel in whom acute primary serofibrinous pleurisy with effusion without 


evidence of pre-existing tuberculous disease oceurred during service in the Army 
Manifest tuberculosis did not develop in the lung or elsewhere in any one of the 


141 persons within eight months after onset of the initial pleurisy. During the 
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original illness none had been treated with chemotherapy, tort these drugs were 
not vet available. The fundamental purpose of the present analysis is to throw 
some light on the cause and the subsequent history of so-called primary pleurtsy 
vith effusior 

The material of the study consisted of 141) previously healthy white male 
officers and soldiers who were admitted to various U.S. Army hospitals in 14d 
and early in 1945 with pleural effusion of unknown cats Phe starting pomt ol 
observation ps taken as the onset of the pleuritis In each instance special study 
hy the Research Seetion was initiated soon after the onset and without advance 
knowledge regarding the patient’s cutaneous reaction to tuberculin 

Iearhiet pre-ellusion roentgenogramia were revit wed in all eases. In a few in 
vhen the earher roentgenogrames suggested that active pulmonary cis 
ease existed prior to or at the time of the effusion, these patients were excluded 
from the survey. Likewise, excluded in certain caleulations were a few (13 pa 
tient vho developed pulmonary parenchymal or extrapulmonary disease while 
aill under treatment for the effusion, On follow-up, in no instance did a pulmo 
nary lesion develop later in that area which originally was obscured by the fluid 

All of the J41 patients reacted positively to intracutaneous purified protein 
derivative (PPD); 126 patients (90 per cent) ren ted to first-strength PPD and 
15 (10 per cent) to the second-strength PPD. ‘Twelve patients also reacted to 
coceidioidin and 38 to histoplasmin, but the tuberculous etiology of the pleuritis 
in all of these persons was pro ed by other means 

the selection of patients Wits based on unexplained serotibrinous 
pleural effusion persisting Tor more than four to six weeks in young white male 
adults in the Army, without advance knowledge of tuberculin reactions and with 
out concentration on those already tuberculosis suspect 

Period of follow-up observation Six of the LAL persons died within three years 
after onset of the disease: 5 from pulmonary tuberculoses but all with extra 


thorn tubers losis well and one clied from other Ile h ul ulre uly 


developed motive pulmonary tuberculosis before he died of carcinoma ot the 


larynx. Frequent follow-up observations (at least four per person per year) were 
comple ted on each of the remaming 135 persons for five or more years alter onset 
of the original pleural effusion, The Li) persons were studied for a total of SOAS 


years (0.652 months) after the onset of the disease, an average of 5.7 years tor 
each person, A total of 5.583 chest roentgenograms were re) iwed, averaging 
30.6 for each person, and the minimum number for any person wis 31 

tye at onset: OF the LAL persons with serofibrinous pleural effusion, 02 (60.2 
per cent later deve loped some form of active tuberculosis table | The proba 
bility of subsequent appearance of disease was higher in the younger age group 
75.3 per cent among the 73 who were under twenty-five years of age when they 
first deve loped effusion, and 54.4 per cent among the GS who were twenty-five 
years or oldet 

Bacteriology of fluids: Of the 42 persons whose original pleural fluids were not 
examined adequately by culture or animal ineculation, 714 per cent later de 


veloped active tuberculosis; 604 per cent of 2S with sterile fluids by culture 
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Sh 


whose ongmial fu vere positive Tor tubercle \ eloped 
tuberculosis (table 2 In one patient, Toul culture ty { 
lations of concentrated fluid vere negative for tubercle bacill nh later dees 


eation. the pleura vas found studded vith tuberele i vhich cont 
irulent tubercle ta Dhese observation that routine bacterologn 
studies ol pleura ion may be of doubttu dependaby itv for either etrologa 
chagnosi or progne 

Hematologic findin Leukoevtosis and elevation of erythrocyte sedinern 
rate were found irres patient Hlowever, these findings did not 
show siwnificant correlation vith the frequeney of the sub equent appearance of 
tuberculosis 

Volume j The estimated maxinun olume ol fluid as revealed byw the 
roentgenogram Ww: alue in differential diagnosis or in prognosis. Forty 
nine of these patients had small volume Le, extension up to the sixth mb an 
teriorly, and 67.3 per cent ol the deve oped patient heal 
moderate volun Le, extension up to the fourth mb, with 62.5 per cent deve op 


ing tuberculosis; 20 had /arge volumes extending above the fourth mb itha 7O 


per cent imneé idence of subsequent tuberculosis, In general, the patient vith 
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TABLE 3 
Recarsep wire Cuassiriep BY Maxime VoLuMeE oF 


Total 


Small to aith mi 
Medium to fourth 


emaller volumes were treated for the same periods as those with larger effusions 
(table 3 

Persistence of fluid: Effusions resorbed more rapidly in some patients than in 
others. Again, this finding was of no assistance with regard to etiology or prog 
nosis. In this study, the usual time required from onset of the pleurisy for com 
plete resorption ranged from approximately two months for the small effusions 
to four months for the larger ones 

Treatment. Influence of bed rest: In correlating the duration of treatment with 
subsequent developments 13 of the Lil cases were excluded in order to confine 
observations only to 128 patients who had apparently recovered fully from 
their initial attack of pleurisy before release from treatment. The 13 patients re 
ferred to in this paragraph all developed pulmonary parenchymal tuberculosis o1 
extrathoracice tuberculosis, or both, during their orginal hospitalization. In no 
instance, however, did the disease first make its appearance in less than nine 
months following the onset of effusion The pulmonary lesion developed on the 
same side as the pleural effusion in 3 patients, on the opposiie side in 5 (one with 
extrathoracie tuberculosis also), and on both sides with comeidental extrathoracie 
tuberculosis in 2 patients. Finally, im the remaining 3, recurrence consisted in 
extrathoracic involvement without manifest pulmonary lesions. Two of the six 
extrathoracie relapses consisted in tuberculosis of the knee jot 

Except for the above 13 patients, the duration of original Army hospitalization 


depended upon contemporaneous military directives. The directives specified the 


disposition of patient personnel ot various categories and, henee, did not allow un 


restricted medical decision, Of the remaining 128 patients, none was ill’ beyond 
the first few months after onset and none evidenced relapse with active tubercu 
losis during the initial period of treatment. In no instance was the duration of the 
original hospitalization influenced by initial volume, rapidity of resorption, of 
bacteriologic studies of the pleural fluid, or by the degree of toxicity in the early 
iliness. Triple correlation of the bacteriologic findings with the duration of treat 
ment and with the ultimate outcome, 1.e., relapse with active tuberculosis, did 


not alter the significant relationship between the duration of treatment and fre 
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quency of subsequent relapse, as reported immediately below. Excluding 4 


patients who died during their original hospitalization, all of the 141 persons 


resumed military duty or returned to full-time civilian work within a month or zi 
two after release from the Army hospital : 
Sixty-six of the remaining 128 patients underwent varying degrees of bed rest | 
for less than six months, with a mean of four and eight-tenths months; 60 or 90.9 
percent of these later developed tuberculosis within five vears after onset. Sixty 
two patients rested for six or more months, with a mean of ten and four-tenths 
months; 19 patients (30.6 per cent) deve loped tuberculosis within five years; 43 
(O04 per cent remained well for at least five vears thereafter (table 4 
Residual pleuritis The term “post-treatment roentgenogram”’ refers to roent 
genograms taken after apparent recovery from the orginal illness with effusion 
The immediate post-treatment roentgenogranmis of all of the 141 patients were 
tree ot pulmonary parene hvmal shadows. In instances, the post-treatment 
chest roentgenogram was “negative” or normal; 70 per cent of these persons . < 
later developed active tuberculosis. Righty-three showed slight residual pleuritis, 
usually indicated by slight blurring of the costophrenic angle and possibly with 
rABLE 4 
wirh Primary Precrat Wao Dip Nor 
Hoserratization Wao Stpsequentry Retaress 
with Teseret tosis, Crassierep BY Montus oF Rest 


Total 


Less than 6 months (mean iS months 


6 months or more (meat 10.4 mont he 
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a thickened pleural cap ovet the apex of the lung; 63.0 per cent of these developed 


active tuberculosis. Thirty-nine had moderate residual pleuritis and 9 heavy, 


with respective tuberculosis inv idence rates of 69.2 per cent and 55. per cent 


table 5 
Vature of relapse: Reactivations developed later in 92 of the 141 persons The 


relapses represented virtually all known formes of the disease, in almost all parts 
of the body. This further showed that tuberculosis is a generalized disease in 


spite of it to appear more often in a selected tissues or organs 


table 6 
Phe relapse was pro’ ed bacteriologically or pathologically as tuberculous in 87 


of the 02 patients concerned. In the remaiming o patients adequate bacteriologi 


and pathologie studies were not done or were negative but the clinical, roent 


genographic, and other finding justified a presumptive diagnosis of tubers losis 
Ninety-two persons later had reactivation of tuberculous disease 
Fourteen (15.2 


Forty-nine 


53.2 per cent) had pulmonary parenchymal recurrences only 
per cent had recurrence with both pleural effusion and parenchy mal disease; LO 


had recurrent pleural effusion only; 8 had recurrence with pulmonary parenchy 
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og 
ty 
Per Cent 
Pulmonar parenel dlisense alone 2 
Pulmonar parenel mal disease and pole irnl effusiot 14 
Recurrent pleural effusion alone 
as 
boxtrathorace and pulmonar tuberculosis 7 
Extrathoracie tuberculosis and pleural effusion 
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kixtrathoracie tubereuloss | 11 
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mal disease and extrathoract spread of disease: 6 had extrathoracic tuberculosis 
and pleural effusion; 4 had recurrence with pulmonary parenchymal disease 
pleural effusion, and extrathoracie spread of disease; finally, one had only extra 
thoracic spread of disease (table 6 

The distribution of intrathoracic lesions (pulmonary and pleural effusion 
which developed following pleural effusion, in relation to the hemithorax origi 
nally involved was as follows: Of 57 pulmonary parenchymal recurrences, 33 
were on the same side, 23 on the opposite side, and one recurrence was bilateral 
OW 16 recurrent pleural effusions, S were on the same side, 7 on the opposite sie 
and one was bilateral. Of OL intrathoracic recurrences, 44 were on the same side 
32 on the opposite side. and 15 on both sides (table 7 

EK rtrathoracic tuberculosis: There were 23 instances of extrathoracic tubercu 
iosis in 1 persons, viz., one in the eye, one in the larynx, LO lymphadenitis, one 
in the spine, one in the elbow, one in the knee, 2 in the gastrointestinal tract, 2 
in the genitourinary tract, 2 perirectal abscesses, one miliary tuberculosis without 
meningitis, and one meningitis withowt evident miliary disease. As shown, some 
of the tuberculous compheations which developed consisted of combined in 
volvements. Most of the extrathoracic active disease became evident early, i 


in the ninth to fifteenth month after onset. All of the 5 person vho died of tuber 


culosis developed demonstrable extrathoracic disease soon after Apparent re 


covery from their original pleural effusion 

Time after onset: Time intervals between the onset of pleural effusion and 
demonstrated appearance of tuberculosis ranged widely from nine months im 1 
instances to five vears in 4d, with an average of nineteen and four-tenths months 
Thirty-eight (41.3 per cent) of the 92 reactivations appeared within the first 
year; 26 (more than one-quarter) in the second year; and 17 (18.5 per cent) in the 
third. Thus. a total of SL. almost 00 per cent ol all of the 02 cases of tuberctusosis 
became evident within the first three years following the pleural effusion (1 able 
S Generally, the development of active tuberculosis occurred later in those 
patients who had rgone a longer nod of initial treatment 


The right-hand column of table 8S, under the tithe “Probability of Initial Re 
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lapse in Per Cent,’ requires explanation. The percentages represent the “cor 
rected relapse rate’ for each one-year period, Le., the figures are based on the 
number of persons who were still living and well at the beginning of that vear. In 
the first year, all of the L141 were living. The relapse cases totaled 38, the relapse 
rate was 26.0 per cent. In the second year, 38 of the orginal 141 persons already 
had developed tuberculosis, so that the basie group te taled only 103 persons; 
with 26 tuberculous cases in that year, the rate of appearance of tuberculosis was 
25.3 per cent. At the beginning of the third year, 64 persons already had de 
veloped tuberculosis, leaving 77 living and well; when 17 of these developed other 
active tuberculosis, the rate for that year became 22.1 per cent 

It ix of great interest and importance that 16 relapses in 16 persons consisted 
of small pulmonary infiltrates, presumably of an exudative nature, which were 
discovered incidentally by routine follow-up roentgenograms in asymptomatic 
men who were continuing their normal activities. These shadows disappeared in 
all instances under observation. Their tuberculous origin and activity were evi 
denced by the discovery of tubercle bacilli in all cases in the sputum or gastric 
washings. In 7 of the 16 cases, after temporary roentgenographic disappearance 
regression) of the lesions, they reappeared and progressed to manifest signs and 
symptoms of active pulmonary tuberculosis. It is further worthy of note that 
numerous sputum and gastric washings had been consistently negative tor 
tubercle bacill before the muitial appearance ot these small lesions 

Phese observations with respect to relapse confirm what many physicians have 
known or suspected: That one may have active pulmonary tuberculosis and heal 
it without reeognized or even recognizable symptoms. If the follow-up obser 
vations had not been very meticulous these relapses would have been over 
looked, ‘I he inclusion of such cases along the re lapses partially explains the high 
rate of observed re lapse alter pleurisy with effusion 

Ninety-two (65.2 per cent) of the L411 patients in the study expenenced relapse 
during the five-year follow-up period (table 1 Phe 92 patients with recurrent 
disease underwent a total of LOS separate bouts of relapse Only 2 expe rienced 
more than two subsequent relapses in the observation period The subsequent 
active tuberculosis was miuanite sted in 133 se parate orgatis (or types of organs) ol 
the body in the 02 patients. The number of actual relapses (10S in 92 patients 


when calculated on a patient-month basis, was 1.12 per 100 patient-months 


DISCUSSION 


Because many patients with pleurisy recovered completely and remained per 
fectly well thereafter and because in many instances neither tubercle bacill mor 
any other microorganisms were demonstrated in the pleural fluid, the tendency 
has been to cling to the confession-of-ignorance term idiopathic * and to treat 


the condition with complacency. Acute serofibrinous pleurisy with effusion in a 


young adult with a positive tuberculin reaction and no demonstrable tubercle 


bacilli in sputum, gastrie washings, or pleural fluid should be diagnosed and 
treated as tuberculous. A real problem arises in a similar situation when the 


cutaneous tuberculin reaction is repeatedly negative. It is to be emphasized that 


P 

+ 

ff 

yk 

ae 

4 

TA 

re 

he, 


OUTCOME OF PLEURAL EFFUSION O31 


in every one of the cases in the present study the tuberculin reaction Was positive 
It is exceedingly rare for the tuberculin reaction to be negative when the pleurisy 
i< tuberculous in origin. In case of doubt, whether the tuberculin reaction hits 
been negative or positive, a biopsy of the pleura has been revealing 

The almost immediate and upparently perfect recovery from an attack of 
pleurisy and the additional not infrequent occurrence observed by Forlanim 
J. B. Murphy, and Austin Flint, among many others) ot the improvement’ of an 
underlying pulmonary tuberculous lesion after resolution of a large effusion have 
long been recognized. ‘I hese have led to the too often quoted but unfortunate 
statement that acute serofibrinous pleurisy with effusion at the onset of manifest 
pulmonary tuberculosis Was a happy met ident 

Elimination of the 13 cases in which relapse, pulmonary and /or extrathoraci 
oecurred in the ninth month or later but during the original hospitalization lett 
128 cases of the most favorable form of acute se rofibrinous pleurisy W ith effusion 
In approximately half of these cases, the patients received less than six months 
of bed rest. Ninety-one percent of the men so casually treated later experienced 
relapses which hardly would seem to be the behavior of a benign affair 

As the 13 relapses which oceurred during hospitalization might be considered 
failures of rest treatment, for statistical purposes they may be included in the 
group which received six months or more of treatment If this is done, the mum 
ber of relapses would be 32 of 72 patients, or a 42 7 per cent relapse rate com 
pared with a 90.9 per cent relapse in those who had less than six months, or a 
mean of four and eight-tenths months of treatment 

Pleurisy with effusion is not an isolated local infection but part of a gene ralized 
infectious process. This is evidenced by the not infrequent concurrent of subse 
quent comphecation of extrathoracic tuberculosis, the experimental proof of the 
rapid dissemination of tubercle bacilli after infection | 19), and the demonstration 
by liver biopsies of tuberculous lesions in the livers of three of eight young adults 
with acute pleurisy with effusion (20 

The cases of unresolved pleuritis and continuing signs and symptoms, both 
pleural and pulmonary, fall into a different category from the group here de 
scribed. In them, the parenchymal lesion is evident roentgenographically or 1s 
hidden by a subacute or chronic pleuritis. In the present cases, no such paren hy 
mal lesions were recognized, although they were sought, and lingering pleuritis 
was absent 

Only brief comment can be made on pathogenesis The type ol pleurisy with 
effusion under consideration is apparently due to the perforation, in a tuberculin 
sensitive person, of a subpleural tubercle with discharge into the pleural space 
of living and dead tubercle bacilh and caseonecrotic material contaming tuber 
culoprotein, Subsequent developments will depend very largely upon the “in 
fecting dose.”’ The perforation of a large, caseous lesion with persistent CASCO 
necrotic communications with the pleura, with or without pneumothorax, will 
ebviously set the stage for a more serious situation The clinical picture wall 

clinical observation suggested to both Forlanini, in and Murphy, in 


ndentl the idea of artificial umothorax 
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therefore vary greatly with “dose,”’ the associated pulmonary lesions, and the 


treatment. It is highly probable that timely bed rest and chemotherapy would 
greatly reduce the risk of subsequent relapse as well as minimize the gravity of 
the original illnes 

Finally, the writers have not overlooked the possibility that some of the pres 
ent cases were reported as primary pleurisy with effusion, but may have been on 
the basis of lymphohematogenous disease with the effusion as the first manifes 
tation 


St MMARY 


One hundred and forty-one young male adults, otherwise quite healthy, who 
developed primary serofibrinous pleural effusion while in military service were 
observed for at least five years after onset of illness or until death. All reacted 
posith ely to intracutaneous tuberculin. None had chemotherapy for this mitial 
ihre The probability of the subsequent appearance of active tuberculosis was 
much greater in those persons less than twenty-five years of age (75.3 per cent 
when they first «ke eloped effusion than in those of twenty-five vears or 
(Ob 4 per cent 

he tuberculous etiology of the original effusion was proved bacteriologically 
in OF patients; 33 of these later experienced relapse, and 1S remained well. OF 90 
patients whose original fluids were either not examined adequately or were nega 
tive for tubercle bacilli, 59 later developed active tuberculosis in one form or 
another, and 31 remaimed well. Presumably many, if not all, of these patients 
originally were tuberculous, Of those without adequate bacteriologic study of 
pleural fluid, 71.4 per cent had a recurrence with active tuberculosis; 60.5 per 
cent of those with sterile fluids later developed evidence of tuberculosis 

it lsappee Vis as frequent with small effusions as with larger ones. In no instanes 
did a pulmonary parenchymal lesion develop later in that area which was origi 
nally obseured by the fluid 


Return to normal phis weal activity alter / 


wiel ho pital; ation Was tollowed by 
relapse vith active tuberculosis in 90.9 per cent of 66 persons. Approximately 90 
per cent of 02 persons who developed active tuberculosis did so within the first 
three years after onset of the original pleurisy. Nineteen persons developed 23 
instances of extrapulmonary tuberculosis; most of the extrapulmonary disease 
became evident in the noth to fifteenth month after onset of pleurisy 

pore ent report emphasizes the facet that nm adult neute sero 
fibbrinou PleuUrisy vith effusion of the type here discussed | practically IWAVS 
tuberculous im orm. The pleurisy is often simply a local and dominant mam 
festation of a disseminated infection, if not a disseminated disease. The under 
lving disease is prone to relapse like all tuberculosis; hence the person with the 
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normale apres une breve hospital sation @tait survi ce rechute 


vité dans 00.0% des eas, sur un nombre de 66 sujets knviron GW 


iberculose active l'ont présentée dans les premiers trois ans qui 


hez 1% muy s'est produit 2) manifestations de tuberculose extra pulmonaire la 


plupart de ces extra pulmonaires se sont manifest ées du neuvieme au quinzreme 


ois | wedent initial 
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rapport met Laccent sur le fait chez l'adult« jeune la pleurést afro fibrineuse 


avee épanchement, du type étudié ter, est pratiquement toujours tuber 


eule 


use, elle représente souvent la manifestation locale prédominante dune infec 
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s@minée, sinon d'une affection généralimée; elle a une tendance aux rechutes comme toutes 


les formes de la tuberculosw et doit étre traitée promptement 
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INTRODUCTION 


lhe purpose of this paper is to consider the elinieal probleris asso iated with 


tuberculous lesions of the mediastinum. The discussion will encompass: (7) the 


?) the diagnostic features, and (3) the treatment of 


clinteal manitestations 


certain disorders due to mediastinal tuberculosis. The effects of mediastinal 
tuberculosis on the bronchopulmonary structures, the thoracie vascular organs 
the esophagus, and the tuberculous lesions which produces no significant symp 


toms will be discussed. Tuberculosis of the myocardium will not be consid red 


since numerous authoritative articles which deal with this type of tuberculous 


mediastinal disease (1-10) have appeared in the literature 


GENERAL CONSIDERATIONS 
Mediastinal tuberculosis produces disorders which are characterized by 


chronicity and by their actual or potential seriousness Knlarged lymph nodes 
but the harmful po 


the 


due to tuberculosis are of relatively common occurrence 
tentialities of these lesions have been accorded only moderate emphasis ith 


literature. Suppurative pulmonary disease is not an Uncommon sequela of this 


form of tuberculosis, and it may assume various form Suckles (11) has empha 
| 


sized the verv serious nature of the disease which may be produced in the lung 


parenchyma as the result of bronchial obstruction due to large enlertied bailar 


nodes. Head and Mioen (12) also called attention to the mechaneal effect of en 


larged tuberculous lymph nodes upon the pulmonary air passages. Compression 
of the lumen or erosion into a bronchus by a tuberculous mode mits produce it 


variety of serious conditions, including severe hemoptysis, atelectasis, recurring 


pneumonia, bronchiectasis and Jung abscess. Graham, Burford, and Moyer (15 


bronehial stenosis may arise also from the spread of infection 


pomt out 


through the bronchial wall, with edema and eventually stricture Phese writers 


ential step im 


also point out that, once lymphadenopathy has developed the es 


Vicelotis cyve le hiss become establ head ruc tion to the hits itubly 


leads to mfeetion and mfection perpetuates the 


The relationship between primary tuberculosis and caseous lymph nodes of the 


mediastinum has been pomted out by many writers 11 20). The adverse effects 
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of the enlarged mediastinal nodes were ree ognized and deseribed in earlier medical 
literature (22, 2 
enlarged mediastinal lymph nodes ts explained by consideration of their anatomic 


; 


The development of the clinical manilestations secondary to 


location. The regularity of the anatomic position ol the hilar lymph nodes has 
been observed by Nelson (24 This constant relationship of the hilar nodes to 
the bronchial tree and pulmonary vessels vith its clinieal import, has been 


demonstrated by several studies (12, 21, 25). The close proximity of the lymph 
nodes to the tracheobronchial passages accounts for the bron hial compression, 


constriction, or occlusion 

Head and Moen concluded from a review of the literature and their own 
study that there was an almost equal distribution of involvement among the 
bronchi to all the lobes with the exception ol the right upper lobe bronehus, 
which was most affected (40 per cent ol all cases). and the lingular bronchus, 
which was not affected at all Phe experence disclosed most frequent involve 
ment of the right upper, the left upper, and middle lobe bronchi, in that ordet 
The experience ol the present writers and other reports (15 17. 21, 26, 27) indi 


eate that the right lung is most frequently invol ed. The middle lobe is men 


tioned in these reports as by far the most frequently affected, and the writers’ 


experience 1s in accord 

The bronchus to the right middle lobe, more than any other, is subject to 
compression by enlarged and cicatrizing lymph nodes and is narrower than any 
other lobar bronchus. As a consequence, It Is tmnore easily compre ssed. The key 


node is on the inferior surface of the bronehu As a result, the right middle lobe 


Is particularly ulnerable to collapse This has been such a common clineal 


has been used to denote the 


observation that the term “middle lobe <vyndrome 


condition. At times, only a portion of the middle lobe is affeeted. When this ts 


present, one of the segments ts atelectaty vhile its companion segment will show 


COTM Pensa emphyse ma. In the « Xperience of the writers, the late raul segment 


ix the one most frequently atelectatic, Brock (21) states that, when a broneho 


stenosis of hiectasis Is contined to the late ral segment ol the middle lobe 


it is strongly indieative of a post-tuberculous lesion. The emphysema may at 


times be due to partial obstruction of its segmental bronchus rather than be 
compensatory tn nature Meverson (18) has stressed that obstructive emphysema 


mav be as significant a lung-destroying process as severe pulmonary suppuration 

The effeets of enlarged lymph nodes may be evidenced during the active in 
fectious primary tuberculosis or very soon alter its subsidence. On the 
other hand. these adverse effects may be delaved until vears later. When they 
oceur at a later riod, may be a protmunent lenature in the nodes 
involved in the production of the bronchial compression Buckles (11) believes 
that. in those eases which oecur months or years alter the primary tuberculous 


infection, secondary bacterial infection is responsible for the lymphatic enlarge 
ment. There is reason to believe that lymph nodes previously affected by tubercu 
losis are more susceptible to such infeetion Forbus (28), in discussing granu 
lomatous inflammation, mentions that the healing lesion by the very nature of 


such inflammation, may give rise to effects hich are as dangerous as the progress 
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ing disease. Enlarged tuberculous lvmph nodes, when healing by fibrosis, mary 
produce bronchial compression by cicatricial encirclement of a bronchus This 
may be the only process h causes ived compli 

In children with primary tubers ulosis the lymph often become greatly 
enlarged and produce marked bronchial COMpPPression may cutise 
partial atelectasis i condition which was tormerly termed epituberculosts 
oy 30). It frequently oecurs in the right upper lobe Phe recognition of the 
condition as atelectasis due to bronchial obstruction by enlarged lymph nodes 
has been repeatedly stressed (14, 25, 27, 31, 32 \ typical case ot this type of 
obstruction due to primary involvement ol the lymph nodes with tuberculosis ts 
illustrated by the climeal course ol the patient in (ase 9 ce Plate I It alse 
demonstrates how the condition may be mistaken for a bacterial inflammatory 
process 

Although the lol appears normal pon subsidence ol the enlargement ol the 
lymph nodes ana reopening of the bronetus the condition is alwaves benwn 


Chronic nontuberculous bronchiectasis in the involved area may result. The 


lvmph node enlargement ts ordinarily due to a primary tuber tilous lesion, but 
it may also re sult from a henmatowenous lyimphoge rho spread ol tuberculous 
im 


rinse pressure on the bronchus may not he the only catise ol obstruction 
actual erosion into the lumen ol the bronchus is sometimes the etrologie factor 
This erosion tiay due to Ciseous lvinph nade or to ileified focus in a 
mediastinal node (16, 18, 21, $2). Other rel ited causes of bronchial oecluston are 
endobronechial ulceration ithout erosion or intraluminal tuberculous g1 
leeration of the bronchial mucosa olten due to the contimuity ot 
an enlarged infected vinph noc 1S, 32 


Bronchial obstruction trom any ol the factors mentioned is the primary tactor 


producing tibsecuent suppurati e diseuse ‘ pecially bronchiectasis Thi 
enause and effect relation hip has been fully ¢ tablished pat 
es The extent of the suppurative disease will obviously vary trom case to 


Cust depending pon the site of the obstruction the degree of the occlusion, and 
the extent and character ol the distal mtection An example of the anied clinical 
preture which may in pr sented ste hy ob truection is exhibited itl ( ‘ane / 


follows 


minute; respiration, 2) per tm ite; bhood pre ire, tole, S4 diastohe in mm. of mer 


eur 


Phe chest roentgenogram 
count was 4 50D per with 72 per cent polymer lens J percent 
per cent eosimoptl Lhe « throcvte edimentatiron rate Was 2 mim (‘utaneous reaction 


to tuberculin, first strength PPD, was negative und. to second strength PPD, was 2 plu 


an 
! pit of renutil 
Case 1. \ year-o { Marine ergeant vimitted to the hospital beeatine 
re ve the vhyt r region. or 
chest roentgenogt } ndings of a «le ! rig 
t { } present for the eek I} productive of appre a 
| { tun There ere no other mptomes or at ignifeant 
histor even alter ret ed questioning = 
| 
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Fig. 1. Case 


Left) Postero- anterior view of the chest roentgenogram showing right hilar enlarge 
ments 
Right) An enlarged view of bronchography demonstrating the absence of filling of the 


middle lobe and the stenosis of the posterior medial segmental bronchus of the nght lower 


lobe 
Histoplasmin and coeeidioidin skin reactions were negative. Albumin and globulin protein 
concentrations were normal 


The course in the hospital was afebrile and asymptomati 
Brome hogr aphy on two occastotie fuiled 


Brone howe opy showed some 


questionable narrowing of the middle lobe oritiee 
to show filling of the middle lobe ind demonstrated a stenosis of t he midportion of the 
posterior medial segment of the lower lobe bronchus. Further roentgenogr apohine studies 


with pl un fronte lateral, and Bucky pl ites showed that the middle lobe was atelectactic 


With these findings the right hilar region remained enlarged 

Repeated studies of bronchial aspirates and sputum were negative for bacteria, fungi 
Papanicolaou studies of neoplastic cells were negative. Exploratory 
involving the mediastinal hilar 


Because of the 


and tubercle baewdh 
thoracotomy showed dense fibrous inflammatory tissue 
snd encireling the middle lobe bronchus and the lower lobe bronchus 
il explor ition deemed 
It was also noted that nodular 


nodes 
persistence of the abnormalities Dissection 
of the hilar structures and the vessels was extremely difheult 
lesions were present throughout the lower lobes and the middle lobe. Pathologie examina 
tion of the tissue removed revealed tuberculosis of the lymph nodes. Tuberculosis of the 
bronchi was noted, tubercles were present throughout the submucosal areas, and in several 
places the tubercles were actually elevating the mucosa. Some caseating tubercles were 
scattered throughout the pulmon ry paren hyma. One small pulmonary infaret was noted 
in one location in the posterior basal segment of the lower lobe 

The postoperative course was uneventful. The patient is now receiving strict bed rest 


snd streptomycin para aminosalieyle acid PAS) therapy. At the last report he was pro 


gressing satisfactorily without reeurrence of his disease 


Further examples of the varied effeets of mediastinal tuberculosis producing 


pressure on the tracheobronchial passages are illustrated by Case 2, which fol- 


635 
a 
oy 
+ 
= 


MEDIASTINAL TUBERCULOSIS 


- 
N 
¥ 
= § 
‘ 
== 3 
= 
4 
\ 


H40 LYONS AND STOREY 


lows, and by Case 6 (see Plate IL). In the one patient there is a more quiescent 


Process as compared with an active process in the other patient 


Case 2. A S-yenut val officer was asymptomat on routine roentgenogr iph 
smase wae disclosed in the posterior mediastinum. The past history included frequent colds 
s chronic nonproductive cough, and an S-pound weight lows in the preee ling year. For the 
past month dyspnea on exertion had been noted. The past and tf histories and systemu 
reviews were noneontmbutor 

Phe physical examination was normal Venou estire stele were reported SOO mom 

n the right and 55) mm. of water on the | The circulation time was delayed on 
the right (deehol being 30 seconds, and 17 seconds on the left. The chest roentgenograms 
diaclosed a large ma in the posterior jbearinal regi the mediastinum. It measured 


stinum to be displaced backward by this 


6 by Oem. A barium esophagram showed the media 


mass Gastrointestinal and pyelographi vere normal. The skin reaction to tubercu 


lin (second strength PPD) was positive. Cultures of gastrie aspirate for Mycohacte am 
slow vere te tive (ther « temic roentgenographic examinations laboratory 


Bronchoseop howed only widening of the carina. An angiocardiographic examination 


whe 

The tomographic studies showed that the lesion was located in the right posterior me 
diastinum and extended | em. into the left lung field 

\ thoracotomy wa j» rformed, and a stony hard tumor mass was found projec ting trom 


the right mediastinum. The superior pole of the mass was at the level of the inferior pul 


monat vein. The adjacent structure sere tenacious! idherent to the mass. The azygos 
vein and periphery of lung were freed The ma vas solidly fused with the esophagus, but 
after tedious dissection it was freed. It was al o diffieult. beeause of adhesions, to tree the 


lower pole The mass was densel wiherent to the posterior membranous w ill of the right 
main stem bronehu « ininal region \t the superior 4 portion extended posterior to 
the trachea and passed around the carina up anteriorl to the trachea. It was fused to the 
posterior wall of the left main stem bronchus as it had been on the right. Furthermore, it 


was fused to the wall of the aorta. The right vagus passed deep into the tumor and had to be 


sacrificed \ left thoracotomy wae done twent two dave later the rock-hard tumor mass 
was encountered. It was densely adherent to the thoracic aorta tor distance of 6 em and 
the first portion of the descending aorta was wiherent to the inferior pulmonary vein. By 


tedious blunt dissection, it was finally freed 
At the left main stem trom hus, the mass wa ils densely adherent lients were made in 
both the bronchus and the trachea, but were successfully closed. The tumor was then re 


moved in tote trom the chest 
The postoperative condition was gown The patient was out of bed on the third day \ 


postoperative bronehe copy one month later was normal except for an extra rudge at the 


carina and slight narrowing of the left main stem bronchus 
He wae well. and two months later was returned to dut At present, he is asymptomatie 


and performs complete military duty 
Phe pathologie examination showed multiple « ireas containing caseation. The cyst 


walls contained a great deal of calcification and were urrounded by dense fibrous tissur 


Foe of emthelbood and granulomatous t e giant cells were seen This was considered to be 


consistent with tuberculosis 


DIAGNOSIS 


The symptoms in the patients with tuberculosis of the mediastinum may 


assume one or more ol the following forms chronu cough, recurrent he mopl pne 
ye neral delulity unth or uithout associated chest pain, a single acule 


episode recurrent febrile eprsodes, or a clinical prelure semulating hronchoge nic 


carcinoma 


A 
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Clinical manifestations: There are certain clinical characteristics which may 
prove helpful in the diagnosis of suppurative disease secondary to mediastinal 


llowish and often 


tuberculosis. The sputum of persons so affected is greenish or ve 
not as purulent or odoriferous as in the usual case of bronchiectasis. The cough os 
usually chronic, more often moderate, but at times may bes peastinen die eroupy, o 
wheezy \ history of chest pain is common The presence of an antecedent 
pleural effusion is helpful in suggesting tuberculosis. In children, more often than 
in adults, there is an associated localized vheeze his must be differentiated 
from bronchial asthma with its generalized sibilant rales. A low-grade fever is 
occasionally present, but fever is commonly noted only during an acute exacerba 
tion of bacterial infection In children, however, the miperatiure ay be elevated 
throughout the course. Hemoptysis is a freqent symptom. [t may be the present 
ing svimptom and is often recurrent. Bleeding may be profuse. ¢ aleified particles 
broncholiths or “stones’’) may be expectorated (34). Direct questioning ts some 
times necessary to elicit a history of such an oecurrence. Often the patient wall 
save the stones which have been coughed up. Rarely a prece of maternal may be 
expectorated which represents a fragment of caseous lymphoid tissue The pres 
ence of carbon particles in the sputum is considered signifieant of tuberculous 
lymph node erosion of a bronchus (35 

nlye nography ntgenographi examination of the chest is of 
importance, and the findings usually strongly suggest the nature of the disease 
The customary postero-anterior and lateral views will uffice to disclose the 
presence of atelectasis either partial or complet and will show whether it is 
lobar or segmental mn extent Kmphy sema may also be demonstrated. When the 
middle lobe is involved, however, special roentgenographie techniques should be 
utilized. A lordotie position is helpful in the demonstration of one or both borders 
of the middle lobe. This view will exclude simple enlargement of the hilar lymph 
nodes, pleuropericardial adhesions, or an interlobar effusion Phe last-named 


condition is encountered rarely and, when present, will be assocated with either 


parenchymal pulmonary disease near the middle lobe or congestive heart failure 


The roentgenographic criteria for distinguishing between atelectasis of the 
middle lobe and interlobar effusion have been deseribed by various writers 
(36 41). Further special roentgenographic techniques are necessary occasionally 
for the identification and accurate localization of the pulmonary lobes or seg 
ments involved. The presence of caleifieation in the hilar lymph nodes ts of definite 
value in directing attention to tuberculosis. Tomography, overexposed Bucky 
films, inspiratory and expiratory roentgenograms, and other special views may be 
indicated The Sper ial ten hniques ol rose nitge nography fluoroscopy physical 
diagnosis, and skin tests which may assist in the diagnosis of bronchial obstruc 
tion have been fully deseribed in other papers (17, 36, 40) and wall not be con 
sidered in detail 

Bronchoscopy Bron hoscopy should be done in ev ase. It is indieated for 
diagnost and may be of therapeuti alue as well. The findings at 
bronchoscopy are often normal, but the presence of any of the following findings 


will aid in the diagnosis and localization of the disease: ulceration of a bronehus 


ang 
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an area of perloration, narrowing due to extrinsic pressure, chondromalacia, in 
traluminal granulation tissue, or pus exuding from a particular bronchus 

In the absence of such observations, the presence of anthracotic pigment in the 
bronchial mucosa, particularly in the region of compression, is regarded as 
circumstantial evidence of perforation by a lymph node (35). In children, 
bronchoscopy has also been advocated for the purposes of therapy (16, 21 

Bronchography: Bronchography is frequently indicated. In some clinies it is 
recommended as a routine procedure (12, 18). Buckles (11) believes that bron 
chography is of the greatest value in localizing the lesion. One of the recently 
developed, quickly soluble, opaque media should be employed to avoid the ob 
scuration of the pulmonary fields which is produced by residual Lipiodol”. With 
the use of this technique, it is usually possible to demonstrate clearly any signifi 
cant narrowing of the bronchus beyond the vision of the bronchoscopist 

Differential diaqnoms: The differential diagnosis is made difficult: by the fact 
that the secondary changes in the pulmonary parenchyma overshadow and ob 
scure the primary mediastinal lesion. A forergn body in the tracheobronchial tree 
presents features which clinically and roentgenographically resemble the sequelae 
of mediastinal tuberculosis. Failure to visualize a foreign body at bronchoscopy 
and the observation of extrinsic pressure on the bronchus will point to the con 
dition as extrabronchial, Overexposed roentgenograms may disclose the shadow 
of a foreign body, The presence of calcium in the hilar lymph nodes is a clue to 
tuberculosis 

\ bronchogenic carcinoma may be suggested in older patients by hemoptysis, 
the absence of significant bacteriologic findings on examination of the sputum, 


or by recurrent pneumonia, atelectasis, or pulmonary suppuration. Papanicolaou 


stains of the sputum or bronchial aspirate for neoplastic cells may be helpful. The 


evidence is conclusive if such stains show malignant cells. Biopsy material ob 
tained by bronchoscopy, if positive for neoplastic disease, obviously will solve the 
diagnostic problem. In his report of eight cases of mediastinal tuberculosis, 
Buckles (11) mentions a definite preoperative diagnosis of bronchogenic cat 
One and it probable diagnosis ol Vib three other cases Brock 
(21) also cites carcinoma as deserving outstanding consideration in the differ 
ential diagnosis of pulmonary lesions secondary to mediastinal tuberculosis 
Bronchial adenoma may be suspected in persons who present the symptoms 
commonly due to mediastinal tuberculosis. Bronchiectasis is suggested by the 
array of clinical manifestations. The character of the sputum, when considered 
with the nature of the cough, may aid in differentiating between the two con 
ditions. Llowever, bronchiectasis may very well be present as a sequela to bron 
chial obstruction secondary to mediastinal tuberculosis. The bronchiectasis per se 
then becomes the all therapeutic consideration. The presence or 
absence of enlarged tuberculous mediastinal Ivimph nodes becomes a matter of 
academic interest, except as an explanation of the etiologic basis of the signifi 
cant disease. Cholesterol pneumonitis may simulate the disease under consider 
ation, but the absence of bronchial obstruction is of diagnosti« import This is 


true even though hemoptysis, enlarged hilar lymph nodes, atelectasis, and chronic 
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pneumonitis of lobar or segmental distribution may be present in both disorders 
Primary pulmonary abscess offers a minimum of difficulty in differential diag 
nosis. but secondary abscess formation can occur as a result of bronchial obstrue- 
tion by enlarged tuberculous nodes 

The history is of paramount importance in the diagnosis of lung abscess. The 
patients with lung abscess are clinically ill, usually acutely so, as is illustrated by 
(‘ase 3. W hich follows 

Case 3. A 34-vear-old Negro male complained of fever and chills. He was completely well 
until three months before admission. He became ill with a cold, cough, and substernal tight 
ness in his chest. The cough was productive of one-half cup of ve llowish sputum a day. Five 
weeks before admission the fever and chills developed. At that time he attended a elime 
where. after examination and a chest roentgenogram, he was advised to return home. One 
week later. he returned to the same clinic, where, because mediastinal enlargement was now 
noted, he was referred for hospitalization His symptoms continued The night before admis 
sion he had «a profuse sweat. His sputum was approximately 50 ce. in amount ene hday. It 
was purulent in nature nonfoul, and had never contained blood 

The phy sical examination disclosed an expirator wheeze on forced ¢ \piration over the 
right middle lobe area. A few fine rales were heard over the right lower lobe He was acutely 
ill. His temperature . 00°F, the pulse rate was 00 per minute ind his blood pressure was 
110 svstolic. 70 diastolic in mm. of mereury. The remainder of the physical examination 
was unrevealing 

The laboratory tudies were reported ws follows: the blood counts and urinal 
normal: the tuberculin skin reaction was positive to first-strength PPD. Skin tests to 
histoplasmin and coccidioidin were negative Repeated studies of the sputum and gastrie 
washings were negative for all pathogenic organisms, including tubers le bacilli. The chest 
roentgenogram taken in the clinie on the patient's first visit war normal The admission 
roentgenographie stud showed a right hilar mass and blunting of the mght costophrens 
sinus. The entire right lung appeared less aerated than the left (figure 6, upper lett 

Msophageal barium studies showed a traction diverticulum of the upper third located 
just sibove the aortic arch 

The hospital course was characterazed by a septic course with profuse eating and daily 
temperature elevation to 103 or 104°F, Wheeze over the night middle lobe became theres 
ingly prominent \ pleural friction rub developed and there were increasing ft iles over the 
right lower lobe. The chest roentgenograms showed the development of consolidation i the 
apex of the right lower lobe and a pneumonitis of the lower lobe. Later there was breakdown 


in the rpex ol the lower lobe with s fluid-contaimming cavit figure 3 


Bronchoseopie examinations showed stenosis of the right main stem bronehu th foul 
smelling gravish purulent secretions coming from the lower lolx and dor 

There was an absence of response to penicillin, streptomycin, and PAS 
ire f sputum and bronchial and gastrie aspirates for tung bacteria 


to revenl at preat mic roorganistis 
An explorator horacotomy vas performed The parietal plet ‘ tusdddled with tt 
cles. The middle lobe and mght lower lobes were involved « broncehieect : pe 


the lower lobe contained a large albacess cavi shich extended into the ehe 

The prostopernt course sae tinsatistactor the patient died one see} the 
thoracotomy. Pathologic examination showed putrid sbacess of the ‘ 
extending inte chest wall and extensive suppurative brone hie i the lower and 


middle lobes. The hil ind mediastinal lymph nodes were « 


extensive thick granulomatous reaction involving all 


num. The iitely tuberculous. There we 


tuberculosis in the lungs, but the main pulmonary disease 


nated from the encroachment on the bronchi and interference with drainage 
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Upper left) Admission postero anterior roentgenogram showing the nght hilar enlarge 
ment and decreased aeration of the rght lung held 
Upper right) Chest roentgenogram of the same view taken three weeks later, demon 


strating the increase in the hilar shadow and some blunting of the right costophrenic sinus 
Lower left 


The roentgenogram now shows definite cavit 


formation located in the apex 
of the maht lower lol 


Lower right) A right oblique view showing the cavity 


located in the peripheral apex of 
the lower lobe on the right and the hilar 


and lower lobe involvement 
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Phis patient's case is presented chiefly as an example of a suppurative putrid 


pulmonary abscess Nevertheless, the primary problem Was a consequence ol 
mediastinal tuberculosis which had produced bronchial obstruction and ineom 
plete bronchopulmonary drainage 

Wheezing and sibilant rales may be mistaken for bronchial asthma. The clinical 

history. the course of the illness, and the evidence obtained on physical examina 
tion and from the chest roentgenograms will enable one to distinguish between 
the two conditions. The diagnosis will be established if, in conjunetion with the 
clinical pieture, cultures positive for Mycobactertum tuberculosis are obtamed 
Such a bacteriologic finding is not made. however, in all instances 

Treatment: Secondary pulmonary disease due to mediastinal tuberculosis 
usually requires prompt treatment. In some cases especially in children, bed 
rest and antimicrobial therapy streptomyvem PAS, o1 isoniazid administered 
according to some accepted regimen, will re solve the inflammatory process and 
lead to complete subsidence of the clinical condition (16, 42 Bronchoscopre 
removal of caseous mate rial mav be of great benefit Only clinical nt and 
experience will aid in the determination of the need and time for surgical therapy 
Phe evil sequelae of long standing progressive Compression ol the bronchus, such 
as bronchiectasis and lung abseess, definitely require surgical treatment. The 
aftermath of primary tuberculous lymphadenitis requires caretul and prolonged 
observation to determine whether surgery will be necessary Many cases of 
epituberculosis” cleat without damage or residue. Brock considers it unju tified 
to operate in the presence of active tuberculous adenitis because of the possibility 
of dissemination, fistula formation and pyvothorax 

Lobectomy or seg ntal resection are the most common procedures used for 
secondary suppurative lesions. At operation the pathologie lymph nodes also 
are removed, Hemoptysis may be sufficiently massive to require emergency 
treatment (12, 45 


EFFECT ON THE MEDIASTINAT VASCULAR STRECTURI 


Tuberculosis of the mediastinal nodes may produce effects on the mediastinal 
vascular structures with serious sequelae Phe etiologic role of tuberculous lesions 
in mediastinal vascular disorders has not been emphasized, It is natur il that 
caval obstruction due to neoplasm has been given considerable attention, lor 
this may be an early symptom when the causative lesion | diffieult to demon 
strate, Vaseulat disorders also occult with tuberculosis of the mediastinum, Com 
pression and displacement of the solid organs and obstruction of hollow viscera 
and blood vessels may be such prominent features that the clinical observer ts 
diverted from the more inconspicuous aspects ol the granulomatous lesion 

The efleets of granulomatous lesions on Vaseular structure have been pomted 
out by several authorities (44, 53). Obstruction of the superior vena cava or in 
rotate ems lesions in oF adjacent to the mediastinum has been 
noted, This is commonly referred to as the upervor vend caval syndrom 14. 47 
57). Few cases of this syndrome due to enlarged tuberculous granulomas of the 


mediastinum have been reported, Descriptions of cases attributed to tuberculosis 
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appear principally in the older literature, and there is no doubt that at present 
neoplasm is a far more frequent cause. Little has been written within the past 
three decades dealing with the relationship of tuberculosis to these obstructive 
disorders of blood vessels. Yet, if a tuberculous lesion is rare, it remains of great 
importance because proper therapy can give an excellent prognosis, while treat 
ment of the disease as cancer may hasten death 

Certain anatomic considerations serve to explain the pathogenesis of this 
manifestation of tuberculosis of the mediastinum. The large mediastinal veins are 
thin-walled, and blood flowing through them is under very low pressure. Further 
more, these veins are situated anteriorly nearer the unyielding thoracic cage, 
against which they may be compressed by expanding mediastinal lesions. Because 
these veins are easily compressed and drain blood from the upper half of the body 
(head, neck, and thoracic wall), obstruction to the flow of blood in the veins 
produces localized symptoms and pathognomonic signs of a mediastinal lesion 
These manifestations may be the first indications of serious mediastinal disease 

The right anterior mediastinal and right paratracheal nodes are intimately 
associated with the superior vena eava. The right bronchial lymph nodes and 
some of the nodes at the tracheal bifurcation are in close approximation to the 
lower portion of the superior vena cava Another factor of importance ts that 
most of the structures of the left thoracic cavity drain into either the right an 
terior mediastinal or the right paratracheal lymph node chain, or into both 
Inflammatory disease in any part ot the body drained by these nodes with their 
subsequent enlargement may produce partial or complete obstruction of the 
Superior vena cava or the innominate Veils 

The symptoms which result are dependent upon the extent and degree of the 
indirect involvement of the vascular channels in the mediastinum. The effeet on 


the vessel may be: pressure displacement, constriction with partial obstruction, 


or complete obstruction. The vascular obstructive symptoms must be divorced 


from those resulting from the granulomatous inflammation per se and from those 
due to involvement of other mediastinal structures. Dyspnea may be present 
because of interference with the return flow of blood to the right auricle. Edema 
and pain of the upper extremities oecur later, while engorged peripheral veins are 
seen earlier, These findings may be unilateral or bilateral, depending upon the 
degree and site of vessel involvement. If the innominate veins are affected, vari 
ous degrees of cervical venous engorgement and edema of the neck, face, and 
scalp may be seen. The presence of a Stokes’ collar has never been noted with 
tuberculosis of the mediastinum, although it occurs frequently with lympho- 
blastoma and other mediastinal neoplasms. Dilated veins of the thoracic wall 
point to the presence of superior vena caval obstruction Hussey, Katz, and 
Yater (48) have described signs and symptoms similar to those mentioned. In 
addition they have noted evanosis, cough, and generalized or Jacksonian 
convulsions 

Obstruction of the superior vena cava is confirmed by measurement of the 
venous pressures in the larger peripheral veins and a study of the dilated collateral 
veins if any are present. The study of the venous pressures in demonstrating 
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venous obstruction has been discussed by numerous writers 4 OO, OD The 
pressures itt a brachial vein are measured by a water manometer Phe zero level 
must be kept at LO em. above the level of the spine If the pressure is found to be 
elevated in the veins of the arms, head, neck and the chest above the level of 
the diaphragm, the obstruction is in the superior vena cava At the same time the 
venous pressure in the tributanes of the inferior vena cava will be normal. They 
will be moderately elevated bilaterally in the inferior epigastric veins because of 
collateral circulation 

With obstruction to the superior vena cava, it is possible to demonstrate re 
versal of flow in the veins of the anterior thoracic wall. When the superior vena 
cava is normally patent and the pressure in the veins of the upper portion of the 
chest is normal, the direction of the blood flow is cephalad with the patient supine 
When the superior vena Cava is obstructed, the pressure is elevated in the veins 
of the chest. and the direction of the blood flow is caudad ; i.e., the flow ts through 
the collateral venous system into the patent inferior vena cava and thence back 
to the heart 

Clenching ot the fists tightly several times will produce a much greater eleva 
tion in the venous pressure in the medial basilie vein on the obstructed side than 
on the unobstructed side with similar exercise. The present writers use this test 
routinely and have found it to be of particular value in differentiating venous 
obstruction from lymphatic obstruction and in detecting a partial obstruction 
An estimate of the degree of obstruction can be made from the degree of the 
yenous hypertension This is commonly directly proportional to the « ompleteness 
of caval obstruction, but a lesser elevation of venous pressure may be present 
with a greater development of collateral circulation. The cireulation time may he 
prolonged when obstruction ts present but it is often normal and gives no con 
clusive aid in establishing the presence of an obstruction, Observation of the 
respiratory variation in the venous pressure during this examination will be of 
importance. Normally the venous pressure drops during inspiration, while with 
obstruction and a return flow through collateral circulation, the venous pressure 
variation is paradoxical, rising during inspiration. This occurs when the obst ruc 
tion lies below the entrance of the azygos vein into the superior vena cava 

The collateral circulation may be visualized by infrared photography Red 
glasses may be used by the clinical observer to note them without awaiting 
photography i) 

Angiography of the venous circulation will confirm and exactly localize the 
site of obstruction. This technique permits precise visualization of the venous 
involvement. The dilated collateral vessels are usually well de monstrated by the 
method. Neo-lopax® or Diodrast® may be employed as the contrast medium (61 
Steinberg and Dotter (62, 65 and Sussman (64) have employed this tee hnique 
extensively for clarifying and pros iding additional information in many forms 
of pulmonary disease and especially in the study of mediastinal lesions 

The dangerous effects of tuberculosis of the mediastinum on the vaseular 
structures have been emphasized by Edwards and Burchell (65) in their report 


of a dramatic case of acquired pulmonary venous obstruction. A granulomatous 
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mass Was present below the tracheal bifurcation in the posterior mediastinum 
which caused venous obstruction of an unequal degree in the different pulmonary 
veins, with extreme pulmonary congestion which eventually resulted in the 
death of the patient 

When the diagnosis of superior vena caval or other mediastinal venous obstruc 
tion has been established, its cause must be determined. The treatment of this 
vascular syndrome is directed at the primary cause, be it tuberculosis, carcinoma, 
or lymphoblastoma. When the lesion is of tuberculous ongin, the use of isoniazid 
or streptomyemn PAS may resolve the process (42 However, this form of treat 
ment, especially if the diagnosis cannot be established first, must be done in 
conjunction with surgery 

An example of superior vena caval obstruction by tuberculous mediastinal 
lymph node involvernent is well illustrated by the patient presented im Plate 
111. The excellent response that resulted from antituberculous therapy will be 
noted. This type of involvement may easily be confused as being due to lympho 
blastoma or bronchogenic neoplasm 

Removal of the mass surgically may releve the obstruction. If not, an 
anastomoty procedure on the superior vena cava ol other vein may be needed 
after extirpation of the mass of granulomatous inflammatory tissue and the 
thrombosed segment of vem 

It is evident that some reported cases of this disorder have not been recognized 
to be due to tuberculosis. When the cases of McIntire and Sykes (55) are ex 
amined, it appears likely that many, if not all, of the sixteen cases of idiopat hie 
etiology were actually due to tuberculosis. All of the patients had «a history of 
previods respiratory infections months or years before their vascular obstructive 
symptoms, and all of the pathologic material was granulomatous in nature and 
contained calenm 

The present review article is based on cases studied from 1004 to 1946. Fifteen 
and four-tenths per cent of the cases of superior vena caval obstruction reported 
hetween 1OO4 and 19386 were considered to be due to chronic nonspecity med 
astinitis; but subsequently (from 1936 to 146) of per cent were ascribed to 
tuberculosis. In the latter group, only 11.7 per cent of the cases were considered 
of idiopathic origin. This indicates the occurrence of more precise pathologi 
diagnose «. Hussey (51 has dese nibed cases which were definitely of tuberculous 
origin and others in which the etiology was strongly suggested 


EPFECT ON THE BSOPHAGUS 


The esophagus may also be involved by tuberculosis. Most often there is a 
fibrous attachment to the esophagus This was noted in many of the reported 
eases (66. 67). The involvement occasionally consists of actual extension of the 
granulomatous inflammation into the esophageal wall or even perforation of the 
esophagus with subsequent fistula formation 12, 6S, 70 Ksophagobronchial 


fistula through a tuberculous esophageal traction diverticulum has been re 


ported (69°71 Phe association of esophageal diverticula, especially those of 


the midportion vith tuberculous mediastinal and bronchial lymph nodes has 
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heen deseribed frequently GOR. 72-75 Lhe presenes ol traction diverticula ol 


the esophagus in a patient with “middle lobe syndrome” has recently been 


noted (76), and the writers have seen su ha diverticulum ina case of constrictive 
pericarditis. In the majority of the writers’ cases, a fibrous attachment to the 


esophagus was the principal finding. The attachments were usually located at 
the notch formed by the jyunetion ol the azvgos vein arocl the superior vena cava 
\ traction diverticulum of the esophagus just above the diaphragmatic foramen 


was found in one case. At operation, a second patient was found to have a huge 


tuberculous mass located below the bifureation of the trachen and firmily at 


tached posteriorly to the esophagus 
The diverticula result from an extension of the inflammatory reaction to the 


esophageal wall with formation of dense fibrous adhesions between the lymph 


nodes, the per <ophageal tissues and the anterolateral wall of the esophagus 


Asa result of the contraction of the sear tissue, retraction and out-poeketing ol 


the esophageal wall occur 

Such esophageal lesions are frequently noted at autopsy or at operation with 
out record of previous clinical symptoms, Symptoms, present, are usually 
minimal in degree, Obstruction of the esophagus ts produced only when the 
extrinsic lesion is extremely constrictive and produces motor dystunction. Severe 


hemoptysis may oecul with fistula formation (09 


The presence of a diverticulum may be overlooked if the examination of the 


esophagus is not satisfactorily performed. The esophagus should be tually distended 


with a thiek barium mixture, and the roentgenogram should be taken with the 
patient in a prone position. In the standing position the barium may traverse the 
esophagus without entering the diverts ulum, or it may remain in the pouch for 
only a short time thus hampering Vvistialization and delineation of the lesion 

Preoperative recognition of the presence of an ated diverticulum: is es 
sential, for it may be firmly matted together with a diseased bronehus and ad 
jacent lymph nodes, thus exposing it to accidental surgical trauma unless its 
presence has been demonstrated prior to operation Qniv if the diverticulum ts 
large and symptom-producing should consideration be given its correction. [fa 
fistula is present, surgical treatment ts mandatory. Appropriate antimicrobial 
therapy should be administered pre and postoperatively. Two examples of 
esophagea! diverticula are illustrated in Plates IV and V. One patient had sub 
sternal sVinptotis and difficulty im eating solid food; the other patient Was 


EFFECT ON THE HEART AND PREICARDIT M 


It has been well established that involvement of the pericardium by tuber 
eulosis occurs by contiguity (7-10). [t occasionally may result from retrograde 
lymphatic extension. [t rarely oecurs as a manitestation of miliary dissemination, 
It is found in 3 to 7 per cent of all tuberculous patients examined post morten 

The presence of pericardial involvement is sometimes diffieult to diagnose 
for typical clinical signs are not always found. Special diagnosts procedures 
are often needed and many times are indicated, These helptul aids include 
electrokyvmography angiocardiography, and cardiac catheterization 
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It is accepted generally that the proper treatment ot chronic constrictive per 
carditis is pericardicctomy. Acute tuberculous pericarditis requires first the 
usual methods of antituberculous chemotherapy, especially with the inclusion of 
isoniazid, bed rest, and careful observation of progression or regression of the 
pericarditis or the lack of response It is also of importance whether constrictive 
signs develop. A period of three to six months should allow a decision whether 
pericardiectomy should be done. It should be remembered that, the earlier per 
cardiectomy is performed, the easier the surgical procedure and also the less the 
subsequent myocardial involvement with fibrosis. Each case will require indi 
vidual clinical judgment. The results have been excellent with this plan 
ol management 

The following case summary illustrates a rather typical case of tuberculous 
pericardial effusion with an excellent outcome. Patients with constrictive peri 


carditis are not always as easily diagnosed 


Case 4. A D-year-old Negro male was admitted to the hospital with the complaint of 
tightness in the mid-epigastrium of five days’ duration. The patient had a poor appetite and 
mild malaise. There was nothing else significant in the history other than the fact that he 


had been living with his brother who had active pulmonary tuberculosis 


The physical examination findings were as follows: the temperature was 102 I pulse 
rate, %) per minute; respirations, 26 per minute the blood pressure was 122 » stolic, M4 
diastolic in mm. of mereury. The head, neck, and chest findings were normal. The cardia 


examination disclosed a peri irdial friction rub, with a systole gallop which was heard best 
in the mitral and tricuspid areas. The laboratory studies were reported as follows: hemo 
globin, 9.5 gm_.; total leukoeyte count, 5,500 per eu. mm vith a differential count of 7S per 
cent polymorphonuc lear cells and 22 per cent | mphoeytes The electrocardiogram showed 
elevation of the ST segments in the standard limb leads and precordial leads The findings 
were interpreted as providing evidence of per arditis 

The chest roentgenogram (figure 4, left) demonstrated a widened cardiac silhouette 
suggestive of perreardial effusion 

The patient “wn tarted on streptomyemn PAS therap) His symptoms had disappeared 
by the second month of treatment. By the sixth month the chest roentgenogram (figure 4 
center) and eleetrocardiogram were normal 

Other stuck including intravenous pyelograms and osseous roentgenogrames, were 
normal. An angiocardiographic study obtained during the ninth month of therap disclosed 
no abnormalities 


\ further chest roentgenogram (figure 4, right) was normal except for some slight iunfiltra 


tive lesions noted in basilar segments of the left lung in the retrocardiac area and only seen 
on the left lateral. All gastric cultures were negative for Mycobacterium tuberculo The 
patient is without elinieal evidence of disease and is to continue on chemother yy tor at 
least one ear. Hie roe nigenograms show that the process is appare ntl xtralbole 


Tuberculosis of the myocardium or endocardium will not be considered 


ASYMPTOMATIC TUBERCULOSIS OF THE MEDIASTINUM 


Tubereulomas of the mediastinum are often asymptomatic. These lesions have 
been adequately deseribed in other papers (66, 67), and their usual location has 
been mentioned in the discussion of tuberculous lesions affecting the esophagus 
Most of these lesions are spherical or oval in shape, smooth in contour, and of 


homogeneous density. They can be accurately diagnosed only by surgical explora 
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tion, and extirpation is the treatment of choice, The removal of a tuberculoma 
renders less likely the possibility of the development of an active tuberculous 
infection. The presumptive diagnosis of these masses as mediastinal tuberculomas 
depends on the presence of a mass of the singular size, position, and roentgeno 
graphic appearance characteristic of such lesions. A history of tuberculosis, the 
presence of other evidence of that disease, and a positive tubereulin reaction 
would strengthen the possibility of the lesion’s being a tuberculous granuloma 
Phe definitive diagnosis depends upon histologic and cultural study of the excised 
mass. A typical example of asymptomatic tuberculosis of the mediastinum ts 


illustrated in Plate VI 


GENERAL COMMENT 


Involvement of the mediastinum with tuberculosis can produce effects which 
are secondary and which often present a contusing clinical picture unless the 
primary catise tuberculosis, is considered and attempts are made to discover its 
presence The clinical appearance produced by mediastinal tuberculosis depends 
upon which of the anatomic structures may be involved by the tuberculous 
process. Certain anatomic relationships in the mediastinum allow these adverse 
effects to oecur from tuberculous involvement. Then, too, not only the acute in 
flammatory process but even the healing phase may by cicatrization produce 
undue sequelae. The tracheobronchial passages, the mediastinal vascular struc 
tures, the esophagus the heart, and pericardium may separately or in combina 
tion be involved by the mediastinal tuberculous process. There are, moreover, 
mediastinal tuberculous lesions which are of significant size to be recognized on 
chest roentgenograms or at thoracotomy, but which are asymptomatic at least 
at the time of their first recognition 

The effects on these various mediastinal structures may be produced by ex 
trinsic, erosive, or intrinsic involvement. The effects on the tracheobronchial 
tree may lead to various forms of pulmonary suppurative disease and, or atelecta 
sis. Thus, the attention of the physi bank reaay be directed to the secondary effect 
at the risk of overlooking the primary cause, mediastinal tuberculosis 

Diagnostr procedures of each type ol involvement are sometimes quite ex 
tensive before the nature of the process is understood These include bronchos 
copy, special roentgenographie techniques, angiocardiography, and even ex 
ploratory thoracotomy 

lhe treatment of tuberculous disease of the mediastinum is concerned with 
treatment of the tuberculous infection (the primary problem) and with other 


treatment directed to the secondary effects whether these are bronchial, vascular, 


or esophageal in nature, Specifie antituberculous measures and, in addition, 


surgical measures are combined, Additional forms of therapy may be needed for 
correction of other forms of inflammatory and obstructive phenomena 
SUMMARY 


Mediastinal tuberculosis is a fairly frequent, though often unrecognized, condi 


tion. Its secondary clinical manifestations frequently obscure the primary cause 
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and often direct the clinician's thoughts to some other condition, Mediastinal 


tuberculosis, either through its active grat ulomatous inflammatory reaction or by 


its healing proliferative process, may involve (/ the tracheobronchial air pas 
ayes 4 the esophagus the n ediastinal vaseular structure The imvolve 
ment may produce numerous types ol hymal pulmonary infection, superior 


The treatment resolves itsell 


yeni caval obst ruc tion, of esophageal dysphagia 
first, therapeuti endeavors directed at the primary problem ot 


into two phases 
the tuberculous infection; and, second, therapy designed toward the rehet of 


symptoms arising secondarily as a result of bronehial, vascular, or esophageal 


obstruction. The treatment is, therefore, both medical and surgical 
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PLATE I 

Case 6. An ear old airman was admitted to the hospit il because of fever, cough and 
malaise. He was treated at a dispensary for one week prior to his admission with 600,000 units 
of intramusecu penieniin od S gm. of sulfasoxazole daily He failed to respond to this 
therapy and continued to have a daily temperature to 102° or 103° F. On admission, dullness 
decreased expansion, and bronchial breathing of decreased intensity over the right upper 
lobe were noted 

The leukoeyte count was 16,700 per cu. mm. with polymorphonuclears, 74 per cent 
lympho yte S per cent; eosinophils, 7 per cent. Urinalysis was negative. Blood cultures 
snd bronchial aspirate cultures were negative for pathogenic bacteria, including VM ycobac 
leriu , le The skin reactions were negative for histoplasmin, coceidioidin, and 
first strength PPD, but the reaction to PPD became positive before discharge from the 
hospital 

The chest roentgenogram revealed a nonair-contaming right upper lobe with some eleva 
tion and tenting of the right di ape mn fand B 

Bronehoscop ‘an rformed, and the right upper lobe bron hus ired thickened 
snd compressed by extrinsic pressure A «mall amount of secretion was aspirated whi h 
produced no pathogente organisms on culture 


Symptomatic therapy resulted in clinical improvement and a gradual clearing of the 


upper lobe dleneit vith a residual of tenting of the right diaphr wm ((', D and E 


Phis represents a lobar atelectasis due to extrinsy pressure from enlarged primary tuber 


culous mfeeted iyi iph nodes, a so-called « putuls retulosis 


A. A postero- anterior chest roentgenogram showing the dense atelectatic appearing ares 
of the right upper lobe 
B. The right lateral roentgenogram also taken on admission showing the same involvement 


noted in the postero-anterior view The tenting of the diaphragm is easily seen 
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PLATE Il 


Case 6. A D-vyear-old Negro female entered the hospital because of fever and general 


malaise. The tuberculin skin reaction was positive. Bronchoscopy was not performed It was 


thought that the patient's disease represented mediastinal tuberculosis, and after strepto 


mycin-PAS therapy clearing of the left upper lobe was noted after three monthe It was 
noted. however. that 
« became larger while the left upper lool ve completel 


time, the large mediastinal nodes pressing on the 


: mediastinal mass now presented itself on the right side (B 
Even under therapy th cleared. When 
the patient vallowed barium (1/7) at this 


* patient is still undergoing treatment and the masses are be 


esophagu could be Th 


eominig sin sller 


i ostero- anterior roentgenogram of the chest showing the segmental atelectasis of 


the left upper lobe on admission 
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PLATE Ill 


Case 7. A ®- year-old Negro male entered the hospital with pain in the right chest and 
urm and exertional dyspnea of one month's duration Postero-anterior chest film showed a 
lobulated mass in the right paratracheal region (4). Lateral view (B) showed the mass to 


he central in loeation Brome hoseopy revealed extrinsi compression of trachea and right 
Angiocardiogr aphy showed complete obstruction of the subclavian 


D). The tuberculin skin reaction was strongly positive 


main stem bronehu 
vein at the right innominate vein 
i densely adherent paratracheal lymph node mass, which showed 
of part of the mass. A prolonged course 
and 


Thoracotom revealed 
tuberculosis of lymph nodes histologically on biopsy 
of streptomycin postoperatively has been followed by regression of the node mass (( 


complete relief of subclavian vein obstruction (D-—right 


1. Postero-anterior view showing the mediastinal enlargement outlined by arrows. 
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PLATE IV 

ase & U1 1) year-old white landseaper, was admitted to the hospital on September 
6, 1951, with a chief complaint of shortness of breath for three months. Anorexia and a dull 
whe ‘ back were also present. Five months before admission he began to have 
1 productive cough with yellowish sputum, Substernal burning was noted and became worse 
ifter solid food. Fifty pounds were lost during the two months before admission. Much of 
this weight loss was attributed to a liquid diet. Hemopt ysis, nausea, vomiting, or melena 
were never noted. Chest roentgenograms before admission disclosed areas of pulmonary 
infiltration. He was then admitted to the hospital. The past history and family history were 


Phe physical examination showed a chronically ill male. The temperature was WS 1 


the pulse was 100 per minute; and the respirations, 28 per minute. The blood pressure was 
normal Decrensed expansion of the left side of the chest with dullness were found, dimin 
ished to absent breath sounds and many rales over the upper portions of the left chest. The 
heart was normal except for a slight shift to the right and an occasional premature ventricu 
lar contraction. The fingers were clubbed. The rest of the physical examination was normal 

Study showed that the patient had a left-sided tuberculous pleural effusion. The sputum 
was positive for tubercle bacilli. A barium study of the esophagus revealed a large traction 


type of diverticulum of the midportion of the esophagus 
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1. A lateral view of the chest showing the pulmonary infiltration involving the upper and 
lower lobes 


B. An oblique roentgenogram of the chest with barium swallow, showing the large eso 


phageal diverticulum located in the mid esophagus 
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LUNG BIOPSY 


DONALD EFFLER, HOWARD VAN ORDSTRAND, LAWRENCE J 
MeCORMACK, aso HECTOR A. GANCEDO 


teceived for publication November 16, 1954 


INTRODLOCTION 


By tradition, the patient with bilateral diffuse pulmonary disease is considered 


a diagnostic problem to be managed by the internist. All too frequently the diag 


nosis rests on inferences drawn from roentgenographic interpretations and simi 


lar indirect methods. In the past, a physician content only with specific diagnosis 


had to kee p until the post-mortem examination, such were to be obtained 


It long has been apparent that precise study of diffuse diseases of the lung ts 


mandatory and that direct analysis of the diseased tissue is the ideal basis for 


diagnosis 
Needle biopsy of lung tissue has been used for years, but never has gained wide 


acceptance. In addition to the obvious dangers of blind needling and its attend 


ant complieat rons the method is not precise Moreover, implantation of disease 


in the chest wall by infection or tumor has followed in the wake of the diagnosti 


needle. Needle biopsy merits little support and offers hazards to condemn its 


use 
Sealene node biopsy enjoys widespread popularity and is a reliable method of 


diagnosis in selected cases. However, biopsy in the scalene area can reveal only 


the disease which will reflect itself in the scalene lymph nodes. A significant num 


ber of diffuse pulmonary diseases do not reveal affinity for the sealene or any 


other lymph node. A surgical procedure like sealene node biopsy which offers 


less than 50 per cent yield in diagnosis does not approach the ideal in efficiency 


Whereas the majority of qualified specialists in pulmonary disease may prefer 


the more conservative operation of sealene node biopsy, the present writers’ 


enthusiasm for this procedure has waned in favor of lung biopsy 


The writers have employed a technique of lung biopsy for a period of five years 


and have been favorably impressed by the results. The procedure has permitted 


study of hung disease by histopathologic, chemical, and bacteriologic analyses 


Although the method is by no means an innocuous procedure, it is considerably 


lews radical than the conventional exploratory thoracotomy (figure 1) and may 


be employed in seriously ill patients who are handicapped by a low pulmonary 


reserve Although this operation offers biopsy as its sole mission, it is a definitive 


procedure and the diagnostic knowledge gained may offer the key to therapy and 


possible cure 


From the Departments of Thoracic Surgery, Pulmonary Diseases, and Pathology of The 


Cleveland Clinie Foundation; and The Frank Ek. Bunts Educational Institute, Cleveland 


Presented at the Interim Seientifie Session of the American Trudeau Society, held at 

New York City, November 17, 1954 

Fellow in the Department of Thoracic Surgery 
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i! iG. 1. Diagram of the steps involved in surgieal lung bropes The 


position is operated ipa through the anterror chest wall in this cos Phe intercostal u 
cision permits vistinl of pection of the lung and hilum { suall the lung 


through the incision and the biopsy obtamed after placing a row of hemos 


sutures. A catheter os left in the thorax for water seal suction drainage 


METHOD 


trnesthesia: The patient han appropriate preoperative sedation barbiturate 
routinely is employed nied pyritorm sinuses are tre 
} per cent) with the same technique that is used for bronchoscopre examination, An 


endotracheal tubs inserted between the core ind] positive pressure system is appled 


avgen and nitrous oxide (50.50 combination) routinely are Supplementar 
wnesthesia is obtammed by intravenous Pentothal”® sodium in ver stall doses and a pro 


enim | per cent) chest wa block over the operative sitt 1s placed on 


ment of the lightest possible level of anesthesia 
of plotted to the distribution of disease a 


Operation The mite 
it appears on the roentgenogram, Usually an anterior approach is employed vith 


the patient in the supine position. After the skin has been prepared, the aren us 


blocked with procuine per cent injected mtercostall tome wath the pro 
poser Th common ipproact is through the antenor wall on 


either side via the fourth or fifth interspace. [t is not necessary to remove either nb 


or cartilage stall rib-spere employed for limited retraction, and the pleural 
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by positive 


The lung may be retracted into the wound, 
The biopsy 


space is inspected 
irea of the disease is selected 


t representative 


pressure anesthesia. and 
Under 


is obtained after poleae ng a row of hemostatic sutures around the elected site 


sterile conditions the resected specimen may be divided into two parts and placed 
in glass tubes for study by the pathologists and bacteriologists. An additional Spec 


OISPOSTTION 


HISTOPATHOLOGY 


BACTERIOLOGY 


CHEMICAL 
TEST 


The histopat hologi examination of the fixed tissusr apeci 


kia. 2 Disposition of tissue 
be sdentified by eareful 


men is of greatest importance. Oecasionally a specific organism ma 
Chemical analysis 


employing a small biopsy specimen 


of the 


is performed in seleeted cases, particularly 


culture techniques 
ola represent itive seetion of diseased timstie 
those of medico legal importance when an eecupational disease is suspected 


men may be removed if chemical analysis is desired, (This was not done routinely 
in the present study, but is performed in selected cases.) Care is taken to secure all 
air leaks and bleeding points in the lung bed. The lung is re-expanded, and the incision 


with a simple form of catheter drainage 
specimens were processed routines 


is closed in lavers 
In the 


Disposition of tissue: In the present study, 
majority of cases the information obtained in this manner sufficed to establish the diagno 
sis, However, in those patients who were suspected of having an occupational disease, 
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rABLE 1 


CLASSIFICATION OF 65 Cases oF PutmMonary Disease 


Features or Brorsy Seecimens or Let 


(sroup |. Granulomatous lesions 
Ber 
Silicosis 
Tuberculosis 
Histoplasmosis 
Sarcondosis 
(sroup 2 Neoplasms 
Primary benign 
Primary malignant 
Secondary malignant 
Group 3. Interstitial pneumonitis with or without fibrosis 
Ashestosis 
hosinophiliosis 
Fibrosing interstitial pneumonitis 
Group 4. Miscellaneous 
Associated with hypersensitivity svodrome 
Associated with tibroeyvstic disenuse 
Nonspeertie 
Total 


e.g., berylliosis, a specimen was set aside for chemical analysis. This third method of 
analysis may require a fairly generous biopsy of diseased lung; ideally, a specimen weigh 
ing more than 5 gm. should be taken and kept in a chemically clean glass container.‘ 


RESULTS 


Lung biopsy has been performed in 65 patients at the Cleveland Clinic, There 


was one death; no significant morbidity has been attributed directly to the pro 
cedure.’ This is of particular significance because the procedure has been em 
ployed in patients who suffered serious impairment of pulmonary funetion 
many of those patients had orthopnea, pulmonary arthropathy, and visible 
CYANOSIS 

It would serve little purpose to list diagnoses in all 65 cases. Instead, an effort 
has been made to group these cases into four categories based on the histo 
pathologic features of the biopsy specimen 

The four categones are: granulomatous lesions (24 cases neoplasms (10 Cases 
interstitial pneumonilts with or without fibrosis (19 cases), and miscellaneous con 


ditions (12 cases) (table | 


Chemical anal of 1 biopsy specimens in this series were performed in the Ketter 


ing Laboratories Cinemnats, Cinemnati, Ohio 
One patient f ospital, He was a $8 vear old man with sev pulmonar 
ushestosis whe ive myocardial tnfaretion on the fifth postoper ve da ane 


died. This ease ones ‘ surgical mort but soclireet! | ‘ ‘ procedure 
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kia 3 foentgenogram of a 44 ir old white female whe presented i history of progres 


sive exertional dyspnea of approximately six months’ duration. The lung biopsy revealed 


the typieal gross and microseopi ippearance of sarcoidosis The biopsy was performed in 


Januar The Kvemm test was not available at that tine 


hia 4. Roentgenogram of a 21 vear old white female who had been emploved for several 


ears by a fluorescent lamp manufacturer, At the time of lung biopsy this patient required 


histopat hologu eXamination were compatible 


lliowis. This patient 


continual oxygen therap Phe findings by 


with bervilposi hemienl ash studies confirmed the suspicion of ber 


has been maimmtamed for a ‘i riod of almost four ears on steroid ther ip 


= 


LUNG 


Pia. 5. Roentgenogram of a 50 vear old white female who presented no symptoms of 


dlisense lung demonstrated a diffuse multicentric t 


idenocarcinoma, primary in the lungs. This tumor is nonsecretory in type. Death occurred 


approximately one ear after Drops 


7 
1G. 6. Roentgenogram of one of 17 pat 
Hamman Rich Svndronme patients te ant tittal 
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DISCUSSION 


Surgical lung biopsy is a direet approach to diagnosis of diffuse pulmonary dis- 
ease, Although its merits are obvious, the procedure is not to be used as a routine 
procedure in all such eases. More frequently than not, the clinical diagnosis may 
he established by less radical measures of physical diagnosis: skin tests, bacterio 
logie study, and eytologie examination, Only when these usual measures have 
heen applied and have failed to provide a diagnosis should lung biopsy be per 
formed 

With better understanding of the disease processes, the eventual need for 
lung biopsy will be lessened, As examples, berylliosis and sarcoidosis may be-eon 
sidered. These represent two of the entities listed under the heading of granulo 
matous diseases. In suspected cases of sarcoidosis, application of the Kyvein 
test has drastically reduced the number of patients who might have been can 
didates for lung biopsy. It is the present policy to defer biopsy for a period of six 
weeks whenever the Kveim test is employed; if the Kveim test is positive, the 
diagnosis is accepted without confirmation by lung biopsy. Although there are 
10 cases of sarcoidosis in the present series, only one has been added in the past 
two years. This experience has been paralleled in those patients with pulmonary 
berylliosis; although 6 patients were subjected to lung biopsy for confirmation 
of diagnosis, there have been no additional cases in the past eighteen months, 
Application of sensitivity studies by pateh test (Curtis and Van Ordstrand) in 
those patients whose clinical histories make the diagnosis suspect has reduced 
the need for bropesy 

At present, the indications for lung biopsy are twofold: in diffuse pulmonary 
disease. in which all reasonable studies have been exhausted and the diagnosis 
has not been established: and in selected cases in which the possible medico- 
legal, occupational disease aspect may be of importance There are advantages 
to lung biopsy which may be considered as indications; these are obvious when 
selection of therapeutic agents and determination of prognosis are considered in 
diffuse pulmonary disease. The wide vanety of pathologie processes in the com 
paratively small group of 65 patients in the present study makes it apparent that 
therapy without diagnosis would be both inefficient and dangerous. For example, 
herviliosis may vield a gratifying symptomatic response to steroid therapy, a 
treatment that might be strongly contraindicated in certain cases of tuberculosis 
Furthermore, one case of eosinophiliosis appeared to respond dramatically to 
arsenieal therapy, an agent which certainly would not have been used if the un- 
diagnosed case had been treated empirically 

It is difficult to assess the value of a procedure by its contribution to medical 
knowledge; vet it is obvious that a specific diagnosis of diffuse pulmonary disease 
in the living patient must lead to better understanding of that disease experi 
ence with 17 patients in whom the diagnosis of fibrosing interstitial pneumonitis 
was made by lung biopsy has been encouraging and will stimulate further study 


in this direction 
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LUNG BIOPSY 


SUMMARY 
Lung biopsy without exploratory thoracotomy has been employed as a diag 
nostic aid in 65 patients with diffuse pulmonary disease. A description of the 
method as applied at the Cleveland Clinic is presented, It is believed that the 


procedure of lung biopsy has a definite but limited usage 


SUMARIO 
Pulmonar 


kin 65 enfermos que tenian afeceron pulmonar difusa, empleo lu i del pulmon 
como auxihar diagnostico Preséntase una resefia del método tal como ren la 
Clinica de léveland | procedimiento de labiopsia pulmonar tiene ion bien definida 


pero hinitada, disedtense sus méritos manifiestos 
REStUMI 
pulmonacre 


La biopsie pulmonaire a été utilisée comme procédé de diagnostic chez 65 malades 
ittemnts de lésions pulmonaires diffuses. La technique telle qu elle ext appliqués 1 la 
Cleveland Clinic, est décrite. L’emploi de la biopsie pulmonaire est bien établi, mais limité 


ses avantages Indiscutables sont commentés 
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UNILATERAL AND BILATERAL FUNCTIONAL CHANGES ATTENDING 
PHRENIC CRUSH WITH AND WITHOUT CONCOMITANT 
PNEUMOPERITONEUM 


ARTHUR A SILBENS, CLIFFORD STOREY, MELVIN M. NEWMAN, N. ROBERT 
FRANK, asp SWENSON 


With the technical assistance of Bett I Vestal 
Received for publication August IS, 1954 


INTRODUCTION 


It was the purpose of a recent report (1) to deseribe the change in midposition 
of the lungs produced by artificial pneumoperitoneum in young men with pul 
monary tuberculosis. The present work is an extension of similar observations 
to another form of collapse therapy, phrenic crush 

In both of these studies, reductions in the functional residual capacity (pul 
monary midposition) were used as indices of collapse. Since phrenic crush is a 
unilateral procedure, the measurement of this volume for each lung individually 
would permit more specific detection of changes than would the usual determina 
tions of the functional residual capacity of both lungs. This unilateral procedure 
was therefore applied in some of the patients. The availability of this difficult 
technique, the scarcity of published observations regarding the functional con 
sequences of phrenic nerve interruption, and the potential hazard this operation 


presents to the candidate for resectional therapy were among the considerations 


which prompted the interest of the present writers 


AND Mernops 


The pationts were 16 voung men with umlateral tuberculosis admitted from active duty 
to the tuberculosis service of the United States Naval Hospital, St. Albans. hach patient 
was studied before as well as after a phrenic crush, performed either as the sole procedure 

10 patients, table 1) or in combination with artificial pneumoperitoneum (7 patients 
table 2). One of thee patients No. 0732) was studied both after phrenic crush and again 
ifter poeumopernttoneum had been added to his treatment. Combined spirometr ind a 
modification of the Darling ope n crreuit method (2) were used in measuring the subdivision 
of the total « spacity of both lungs Four of the 10 patients tre ited wath phrenic erush only 
and 6 of the 7 patients given both phrenic crush and preumoperitoneum ilso had pre and 
pont treatment unilateral total lung capacity determinations Darling In in additional 
5 patients these unilateral measurements were carried out postoperatively only 

Unilateral funetional residual capacities were measured for each individual lung simul 
taneously after the patient had performed the usual bronchospirometric routine (Carlens 
t) while breathing room air. The period of oxygen breathing during the Darling procedure 
wae increased to nine minutes rather than the usual seven, this increment of time being 


required to reduce the coneentration of nitrogen im ilveolar ur to reasonable levels 


From the Cardiopulmonary Function Laboratory, United States Naval Hospital 
St. Albans, New York 

This work was aided by a contract between the Office of Naval Research Department 
of the Nav ind the State University of New York, NR 105 051 
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PULMONARY FUNCTION APTER PHRENIC CRUSH O70 


Thirty three of the forty-five ‘alveolar’? samples which were uncontaminated during 
delivery contained less than 2.50 per cent nitrogen. Of the remaining twelve samples, one 


was in excess of 5.00 per cent (7.24 per cent 
The most serious sources of error in the technique for measuring the unilateral functional 


leaks have been eliminated, result from the effeets of bronehe 


residual capacit onee alr 
the ability to deliver lung volumes corresponding to 


try on midposition and on 
vith a standard oral spirometric coupling. In some 
attributable to diffieulties in delivering the 


Spircte 
those obtamed Instances, poor checks 
between unilateral and bilateral figures were 
wions, data were included when the 
of bilateral value md the residual 


expiratory reserve. On such oe functional residual 
capacity (4) was acceptable (within 15 per cent 
volume unacee pt ible not within 15 per cent of tilateral vy ilue provide douse of the 
obtained with oral coupling brought the resultant 
patients in whom the values 


expiratory reserve hospirome 
within the acceptable range. Similarly 


try residual volume 
for unilateral and bilateral residual volumes agreed but in whom the functional residual 
capacities failed to correspond were included, provided the discrepancy in funetional resi 
dual capacity could be reduced to 15 per cent or less by using the expiratory reserve obtained 
In mug h instances, the midposition was assumed to have been mis 


with the oral technique 
patients Nos. OS09, 0689, and 0505). Finally 


ygen breathing was begun 


judged at the time ox 
when inspiratory capacities by oral and bronchospirometric methods were discrepant in 
patients with otherwise technically satisfactory tracings, the oral value was used in the 
caleulation of the total lung capacity. Measurements of the funetional residual eapacit 


ind total lung pacity 
rdjusted In each instance, the 


residual volume, vital capacity computed according to these 


principles are referred to in tables | and 2 as 
volume was distributed between the two lungs as had been the volume actually measured 
Twenty one of the twenty five comparisons between unilateral and bilateral values for 


the functional residual capacity which are included in this study showed a difference of 
less than 15 per cent’ (exceptions: patients Nos. OS09, 0689, 0732, and 0505 with disere pan 
eres of 19,18. 21, and 20 per cent, reapectivel Ll se of “adjusted”’ values did not. therefore 
figure prominently in a primary objective of this work, ie., evaluating the effeet of phreni 
the unilateral midposition. The vdjusted”’ value 
of the fourth, patient number 0732 (third stud 


crush on was applicable in 3 of the 4 
exceptions enumerated above In the cuse 
difference between unilateral and bilateral 


This was 


data were included in spite of a 21 per cent 


functional residual capacities and a 43 per cent difference in residual volumes 
done because the distribution of the volumes measured bron hospiromet ri ill corre 


sponded to what one would anticipate both from roentgenograms and from the studies of 


other p stients 


The measurements of bilateral functional residual eapacity were performed in duplicate 


the two determinations agreed within LO per cent or 200 cc. were 


was used in the tables. All bilateral and unilateral 


saturated with water 


studies in whicl 
included The mean of the two v islues 


lung volumes were converted to body temperature, ambient pressure 


vapor (BTPS 


The maximum breathing capacit Collins low 


was performed in triplicate through a 


resistance valve by collec ting a fifteen second ole xpired urina Doug! bag The 
best of the three trials was ¢ xpressed in liters per minute BTPS 


iffected hemidi aphir mgm at the time of the 


All patients had paradoxical motion of the 


postphire nice stud 


ResuLts 
LUNG VOLUMES 


Functional Residual ¢ ily 


table 1): Nine of the 10 patients treated with phrenic 


Phreni crush only 
crush only tailed to show a fall in the bilateral functional residual capacity ex 


Per cent differences between bilateral and unilateral techniques were computed b 
dividing the difference between the values by the bilateral volume 
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Pia. 1. Pre. and postoperative unilateral and bilateral lung volumes in 4 patients treated 
with phrenic crush onl table | 1 funetional residual capacity; B residual volume; 
( vitaleapacity; D total lung capacity. The bilateral and ipsilateral functional residual 
capacit 1) and the residual volume (8) were reduced by operation in only one patient 

No. O76 Note the considerable fall in vital « ipacity if wd total lung « ipacit D) in 
patients Nos, 0720 and 0746. Patient No. 0644 is the only one of the 10 patients in table 1 
whe did not suffer a loss of vital « pacity on the affected side exceeding 10 per cent of the 


preoperative value 


ceeding the errors of the analytic technique (10 per cent).* Similarly, 3 of the 4 


patients with pre- and postphrenie unilateral determinations showed no signifi 


cant (larger than LO per cent) change in the functional residual capacity on the 
side of operation (figure 14).° In one patient (No. 0746) the functional residual 
eapacity did fall (26 per cent ol the bilateral value, 37 per cent on the affected 
side), In 2 other patients (Nos. 0619 and OS41) whose bilateral studies indicated 


‘Per cent rise or fall computed by dividing the pre. to postoperative difference by the 
preoperative value 

Unilateral per cent rise or fall computed by distributing the bilateral volume between 
the two lungs according to the per cent established for the unilateral volumes and dividing 


the pre to postoperative change by the preoperative value 
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no decrease in consequence ol the phrenic crush, there was an abnormally low 
proportion of the functional residual capacity on the affected side at the time of 
their postoperative unilateral determinations. There was detinite evidence, there 


) midposition following phrenic erush in only one of these LO 


fore, of a change u 
patients and presumptive evidence of a similar effect on the side of the crush in 


> other instances 


Phrenu crush plus pre umopertton um (table 2, figures 2A and bout pu 
tients (Nos. 0689, 0732, 0505, 0508) had bilateral functional residual capacity 
measurements both before as well as after phrenic nerve paralysis plus a well 


established pneumoperitoneum. In each of these, the functional residual capacity 


POSTORP ano 


PREOP 
POSTOP POSTPNEUMO 


AND P 
POSTPNEUMO 
ATERAL | 


orm 


ind postoperative unilateral ind bilateral lung volumes in 5 pats reated 
with both phire me erush and artifieral poneumoperttoneum funetional residun 
capact residual volume; ¢ vital capacit lung capacit the time of his 
patient No. 0756 had a well-established poeumoperittoneum 


teral and/or ipmilat il 


preoperat Graphs 
of other j s indicated in legend. Note that there are tila 

in vital capacit md total lung cap won figure the fume 
tional residual capacit ind residual volume as wel Wf differences 


mong these patients, see text 


iq 
= 
| | | 
es | ra 4 
\) Vi | | an 
Vj ) { 
os 
° ° 
‘ 
j 
25 STOP 4 
(B yj ‘ 5 
rj ] 
vA al 
‘ 


O82 SIEBENS, STOREY, NEWMAN, FRANK, AND SWENSON 


decreased significantly (38, 24, 18, and 28 per cent). In addition, the first 3 of 
these 4 patients had pre- and post-treatment unilateral determinations. All 3 
demonstrated a reduction in the proportion of the functional residual capacity 
contributed by the affected lung (falls of 58, 34, and 59 per cent, respectively) 
The fourth patient (No. 0508), who had no pre-treatment but had a post-treat 
ment unilateral determination, was found somewhat surprisingly to have an 
even distribution of the functional residual capacity between the two lungs at 
the time of the postoperative study 


kia. 3. Unilateral and bilateral lung volumes in patient No. 0732 studied before either 
phrenic crush or pneumoperitoneum, after phrenic crush, and again after pneumoperi 
toneum had been added (table 2). See figure 4 for roentgenograms corresponding to the 
three studies. Note that a fall in ipsilateral or bilateral functional residual capacity (F 
KA ind residual volume (R.V_) was demonstrated only after pneumoperitoneum had been 
added 


In 2 patients (Nos. 0651 and 0681) whose pneumoperitoneum was either fair 
or poor at the second study and in one patient (No. 0756) with a well-established 
pnheumoperitoneum at both preoperative and postoperative studies, comparison 
of the pre- and postphrenic crush bilateral functional residual capacities showed 
a change of only minus 10 per cent or less. All 3 patients, however, demonstrated 
a redistribution of the functional residual capacity so that a smaller proportion 
of this volume was contained in the affected lung 

The bilateral and or unilateral functional residual capacity in each of these 7 
patients, therefore, fell as a result of phrenic nerve paralysis administered in 
conjunction with pneumoperitoneum 

The limitations of a phrenic crush alone in collapsing the lung stood in con 
trast to its effectiveness when associated with pneumoperitoneum in patient 
No. 0732 (table 2; figures 3 and 4). This patient had shown essentially no func 
tional residual capacity change when studied after phrenic crush alone. After 
pneumoperitoneum had been added to his regimen, however, there was a 34 
per cent reduction in the functional residual capacity on the affected side 


The changes:in midposition produced by combining phrenic nerve paralysis 


with pneumoperitoneum are progressive. This point is illustrated by patient 
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No. 0689 (table 2: figures 5 and 6). This patient was studied first hefore any 
treatment. again after three weeks of pneumoperitoneum and one week follow 
ing phrenic nerve paralysis, and finally once again twelve and one-half weeks 
later. While the functional residual capacity on the side of crush had fallen by 
only 14 per cent at the second study, this collapse had increased to 58 per cent 


at the time of the third study 


Residual Volume 


Phrenic crush only (table 1): Five of the 10 patients with only phrenic crush 
demonstrated changes in bilateral residual volume in excess of 10 per cent Pa 
tients Nos. 0720, 0730, and 0619 showed increases (39, 17, and 46 per cent, 
respectively) and patients Nos. 0746 and O841 had decreases 37 and 25 per cent, 


oe 


Pic. 5. Unilateral and bilateral lung volumes in patient No, 0689 studied (a before 
phrenic crush and pneumoperitoneum, (6) one week after phrenic crush and three weeks 
ifter pneumoperitoneum, and (¢ twelve and one half weeks after (b). See hgure 6 for cor 
responding roentgenograms, Note: (/ therapy has reduced all lung volumes, (2 effect of 
time on the extent of this reduction and (3) selee tivity of changes for the right lung 


respectively Four patients (Nos. 0644, 0732, 0720, and 0746 had pre and 


postoperative unilateral determinations (figure 1B). In each of these the pro 


portion of the residual volume contributed by the affected lung was moderately 


increased or essentially unchanged by phrenic crush. Four patients had un 
lateral determinations postoperatively only (Nos. 0755, OSO9, and OS41 
Only one patient (No. 0619) had an unusually low per cent of this volume on the 
affected sick 

It is evident. therefore, that the proportion of the residual volume contributed 
by the lung on the side of the phrenic crush was rarely decreased by this opera 
tive procedure. In addition, a fall in total residual volume in excess of LO per 
cent was demonstrated in only 2 of the 10 patients 

Phrenic crush plus prneumoperittoneum (table 2: figures 2B, 4, and 6): Three 
(Nos. 0689, 0732, 0508) of the 4 patients studied prior to any treatment and 
subsequently, after both phrenic crush and a well established pneumoperitoneum, 
were found to have decreases in bilateral residual volume exceeding 10 per cent 
(43. 37, and 30 per cent, respectively). The fourth patient (No. 0505 with a very 


2 
2s 
/ 
és 
% 
Re T Cc ¥ 
Bot: 


PULMONARY FUNCTION AFTER PHRENTO CRUSH 


3 
£233 
é 
- 
+ 
‘ 


SIE BENS, STOREY, NEWMAN, FRANK, AND SWENSON 


small residual volume had an inerement of 174 ec. (26 per cent), a difference 
probably not representing a real change. The 2 patients (Nos. 0651 and 0681 
whose pneumoperitoneum was not well established at the second study showed 
changes of minus 2 per cent and minus 20 per cent. Finally, patient No. 0756, 
who had a good pneumoperitoneum at both pre- and postoperative determina 
tions, demonstrated an equivocal change (plus I] per cent 

In distinction to the variability of these results relating to changes im (otal 
residual volume, each of the 6 patients with pre and post phrenic unilateral 
analyses was found to have a diminished residual volume on the affected side 
following his operation. These data contrast with those obtained in the absence 
of preumoperitoneum 

Patients Nos. 0732 (figures 3 and 4) and 0689 (figures 5 and 6) were again 
particularly imstructive im demonstrating the consequences of pneumoperito 
neum when superimposed on phrenic nerve paralysis. The former patient showed 
an increase of 22 per cent in the residual volume of the right lung after right 
phrenic paralysis bad been performed. Following the addition of pneumoper 
toneum, the residual volume had fallen by 40 per cent of its initial value. Simi 
larly, although the early postpneumoperitoneum and postphrenic study of pa 
tient No. 0689 showed only a 15 per cent loss of residual volume on the right 
side, this decrease was augmented to 62 per cent by prolonged pneumoperi 
toneum 


Vital Capacity 


Phrenic crush only (table 1, figure 1C): All patients experienced reductions in 
bilateral vital capacity in consequence of the phrenic crush. The extent of this 
fall varied from 4 per cent of the preoperative volume in patient No. 0644 to 
31 per cent in patient No, 0746. The mean for the group was minus 18 per cent Of 


the 9 patients with pre- and postoperative unilateral comparisons, 3 (Nos. 0644, 


0732, and 0720) showed essentially no change in distribution of the vital capac 
ity between the two lungs, while in 6 the proportion of the vital capacity con 
tributed by the affected lung was considerably reduced. With the exception of 
patient No. OO44, each patient suffered a loss of the vital capacity on the affected 
side exceeding LO per cent of the preoperative value (group mean minus 31 
percent, with a range from minus 4 per cent in patient No. 0644 to minus 60 per 
cent in patient No. 0730 

Phrenic crush plus preumoperitoneum (table 2; figures 2C, 4, and 6): Rach of 
the 7 patients demonstrated a reduction in total vital capacity varying trom 
10 per cent in patients Nos. OOSL and O756 to 34 per cent in patient No. OOS9, 
with a group mean of 19 per cent. The per cent of the vital capacity contributed 
by the affeeted side was decreased in each instance, the mean reduction in this 
volume for the single lung being 34 per cent for the group, with a range from 
17 per cent to oO per cent 

With the single exception of patient No. 0644, therefore, each of the 17 pa 
tients included in this study demonstrated a significant loss of the vital capacity 


following phrenic nerve paralysis 
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Total Lung apacity 


The changes in total lung capacity (tables 1 and 2; figures 1D, 20), 4, and 6 
paralleled those in vital capacity. The group mean tall in bilateral values was 
14 per cent in patients not receiving pneumoperitoneum, with a mean unilateral 
loss of 17 per cent. ¢ orresponding figures for the 7 pneumoperitonetm patients 
were 19 and 36 per cent, respectively. The higher figures in the latter group 
reflect the fact that, with 2 exceptions, the patients included demonstrated de 


creases not only m vital capacity but in residual volume as well 


Volumetric Ratios 


Phrenic crush only: Not one of the patients treated only with phreme nerve 
paralysis demonstrated a fall in either the ratio residual volume total lung ea 
pacity or the ratio functional residual capacity total lung enapacity in conse 
quence ol the operation. Seven of the 10 patients es idenced a mse in these ratios 
with respect to bilateral values, and 3 of the 4 patients with pre- and postopera 
tive unilateral lung volumes showed an increase on the operative side. Nov hange 
was found in the other patients 

Phrenic crush plus pneumoperitonceum: An ipsilateral and or a bilateral in 
crease in these ratios was commonly observed also in the 7 pneumopentoneum 
patients. Among these, however, there were 4 instances in which the value for 
the bilateral and or the ipsilateral ratio either fell or remaimed constant 

The increase in these ratios commonly found following phrenic nerve paralysis 
in both patient groups reflected the disproportion hetween the effeet of this pro 
cedure on vital capacity or inspiratory capacity and on the residual or functional 
residual volumes. This was particularly true of the patients treated with phrenic 


erush only 


VENTILATION 


Vaxrimum breathing capacily This test was performed before and after phrenic 
crush in 8 patients, 5 of whom also received pneumopentoneum, Hach patient 


demonstrated a fall varying from 5 per cent in patient No. OSO9 to 40 per cent 


in patient No. 0689 (group mean: 24 per cent Phree of these patients had a 


preoperative maximum breathing capacity below 90 per cent of predicted. The 
mean fall among these was 8 per cent as contrasted to 32 per cent among those 
with a normal preoperative maximum breathing capacity. The loss in maximum 
voluntary ventilatory capacity in patients with normal function was therefore 
pronounced and, in these 5 patients, considerably exceeded that imeurred by 
patients in whom this value was diminished preoperatively 

Ventilation at rest: This was adversely affec ted on the side of operation in 1] 
of 16 patients, was unchanged (change of 3 per cent or less) in 3 patients and 
appeared to be improved in 2 (Nos, 0732 and 0720). The paradoxical result in 


these latter may well have reflected the difficulties of bronchospirometry rather 


than the effects of operation 
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OXYGRN CONSUMPTION 


The proportion of total oxygen consumption taken up on the side of phrenic 
erush was usually affected in the same direction as the minute ventilation, in 
creasing where the latter increased and falling where the latter fell. Accordingly, 
no trend could be detected with respect to the effect of phrenic crush on the 
ventilatory equivalent. Neither was this ratio higher or lower on the side of 
operation than on the normal side in a significantly large proportion of the 


patients 
DISCUSSION 


Since the volume of the lung is a measure of its distention, collapse can be 
detected by volumetric reductions. The primary purpose of the present study 
was to test the alidity of employing one procedure phrenic crush, as a means 
of achieving collapse. Toward this end, the midposition (functional residual 
capacity) of each lung and or both lungs of the patient breathing quietly in the 
SUpING Position Wits measured before and after phreni erush. In the absence of 
pHetmoperitoneum this operation Wis followed by collapse in only one of 10 
patients. In each of these same patients, however, this procedure inflicted a 
functional loss. For this group, therefore, phrenic nerve paralysis alone offered 
an unlikely therapeutic prospect at the cost of a certain functional loss 

These data support the observations in the limited pertinent literature. The 2 
patients with unilateral volumetric studies dese ribed by Gaensler and Cugell (5 
and the patient with bronchospiromet ri data deseribed by Wright and asso 
ciates (6) also demonstrated unilateral loss of function and, in the former study, 
absence of unilateral midpositional change. An unfavorable relationship between 
pulmonary ventilation and perfusion which resulted in poor oxygenation of ar 
terial blood in patients with phrenie crush was described by Cournand and 
Richards (7). Vaecarezza and associates (8) stressed the striking deleterious 


effect of phrenic crush on ipsilateral oxygen uptake which they found in ten 


patients. There are, therefore, other data attesting adverse physiologic effects 


of this operation. If to these one adds the difficulties of reduced tussic foree im 
posed by phrenic crush on a patient who may be a candidate for future resec 
tional therapy, the case against phrenic paralysis becomes compelling indeed 

When pneumoperitoneum was added, these disadvantages were partly offset 
by the deflation which this supplementary procedure affords. The mean value 
of this collapse among 4 patients amounted to 27 per cent of the prepneumo 
peritoneum bilateral volume. This figure is hardly impressive, for pneumopert 
toneum without phrenie crush commonly reduces the funetional residual capac 
ity 20 to 25 per cent (1,9). However, the 3 of these 4 patients who had unilateral 
as well as bilateral studies demonstrated selective reductions on the affected 
side which were 34, 58, and 59 per cent of the prepneumoperitoneum capacity 


The magnitude of these latter two striking changes is in considerable excess of 


* Ventilatory equivalent ventilation/oxygen uptake 
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the largest one measured for both lungs in thirty-one patients with pulmonary 
tuberculosis (1 

Implicit in this discussion is the assumption that the primary goal of phrense 
crush is deflation (collapse or “relaxation of the mfeceted lung. Although this 
objective was not met without the addition of pneumoperitoneum in 9 of 10 
patients, that of relative “rest” of immobilization’ of the lung was regularly 
achieved. Thus, the ipsilateral minute ventilation was diminished and the maxi 
mum possible changes in distention during deep breathing or coughing (vital 
capacity) were reduced 

The absence of a midpositional change consequent to phrenie interruption 
alone may be unexpected when referred to the mental image of the customary 
inspiratory roentgenogram, for in such a film the paralyzed hemidiaphragm ts 
usually higher than its opposite mate. Such pictures should be correlated, not 
with the functional residual capacity, however, but with the total lung capacity, 
figures for which do show the disparity between the two sides which one would 
anticipate from the roentgenographic appearance Midposition roentgenograms 
or fluoroscopi examinations afford a more accurate appraisal ol nud position 
change 

In reference to the influence of lesions such as pulmonary tuberculosis on 
position of the diaphragm and unilateral volume the affected lung of some pa 


tients contained less than the normal proportion of the functional residual ea 


pacity preoperatively. For instance, patient No. 0732, with a lesion on the right, 


had 41 per cent of the functional residual capacity on the mght; and patient 
No. 0505, with a left-sided lesion, had 36 per cent of the functional residual 
capacity on the left.’ Since the figures recorded for patients Nos. OS41) and OO19, 
who had unilateral studies postoperatively only, are within this range (44 per 
cent on the right in the former, 31 per cent on the left in the latter), these cannot 
in the absence of preoperative values be ascribed with certamty to the phrenic 
nerve paralysis on the corresponding side. Particularly is this true inasmuch as 
neither patient demonstrated a change in bilateral functional residual capacity 
in consequence of his operation. For this reason it was concluded above that 
only one of the 10 patients studied who had not received pneumopertoneun 
demonstrated an effeet of phrenic erush on functional residual capacity 

It should be noted in closing that unilateral functional residual capacity meas 
urements in some patients provided closer estimates of changes in the single 
lung than could be obtained by more conventional bilateral measurements of 


by fluoroscopic observations. For example the effectiveness of pneumopert 


The termes collapee ind relaxation” are both used in this paper im referring to 
decreases in the volume of air present in the lung at the rmiidposition Phe words rest or 
immobilization’ are used in deseribing a reduction in the phasic changes of volume asso 
ciated with normal or deep breathing 
* In 1) patients with coin lesions or minimal pathology and with normal bronchospire 
metr the functional residual capacit was found to be distributed between the two lungs 
in the same proportion as the vital « ipacit w% per cent on the right 7 per cent on the 


left 
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toneum and phrenic crush in selectively changing the midposition of the affected 
lung in patients Nos. 0651, 0681, and 0756 would not have been ascertained by 
the usual technique of oral coupling 

This study suggests that, if “collapse” or “relaxation” is the objective of 
phrenic crush in the patient on bed rest, this procedure should be reserved for 


the candidate who can tolerate artificial pneumoperitoneum. The increasing 


effectiveness of other therapeutic approaches and the functional deterrents to 


temporary phrenic interruption may justify the disfavor with which this latter 
procedure is regarded by many for the treatment of pulmonary tuberculosis 


SUMMARY 


Sixteen young men with unilateral pulmonary tuberculosis were studied be 
fore and after being treated with phrenic crush administered either as the sole 
procedure or in association with artificial pneumoperitoneum. Functional analy 
sex included pre- and postoperative measurements of the total lung capacity 
and its subdivisions, differential bronchospirometry, and the maximum breath- 
ing capacity. The volumetric compartments of the single lung were measured 
in 10 patients in an attempt to add greater precision to the detection of changes 
in pulmonary midposition 

The total and unilateral functional residual capacity fell following phrenic 
crush in one of the 10 patients who was given only a phrenic crush; 9 of these 
patients, 3 of whom had unilateral measurements, demonstrated no change in 
midposition of the lung in consequence of thei operation. On the other hand, 
the functional residual capacity was reduced in each of 7 patients in whom tem 
porary phrenic paralysis was supplemented with pneumoperitoneum. A selec 
tive effect on the side of phrenic crush was demonstrated by the 6 of these 7 pa 
tients whe had unilateral measurements 

The residual volume was infrequently reduced by phrenie crush alone, but 
commonly fell in the presence of pneumoperitoneum 

Vital capacity, the unilateral contribution to ventilation and oxygen uptake, 
and the martmum breathing capacity were usually significantly reduced post- 
operatively 

Phrenic crush inflicted a functional loss on all patients. Only in those re 
eeaving pneumoperitoneum was a favorable effeet on pulmonary midposition 


demonstrated 
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tuberculosis pulmonar unilateral se les estudid antes y después de 
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la capacidad respiratoria maéaxima. En 10 enfermos, se midieron los compartimientos volu 
métricos de un solo pulmon con mira a imprimir mayor precisidn al descubrimiento de 


alteraciones en la mesoposicion pulmonar 


— 
Tal 
<4 
ay 
eye 
& 
: 


PULMONARY FUNCTION APTER PHRENTO CRUSH ool 


La capacidad residual funcional tot il unilateral bajo después de la frenieoclasia en uno 


de los HW) enfermos que no recitneron mas que este tratamiento U de estos suyetos, en 3 ce 
los cuales se hicieron mediciones unilaterales, no revelaron la menor alteracin en la meso 
posteron del pulmeon 1 consecuencia de la operacton camino, descendiw la « 
residual funcional en los 7 sujetos en los que se complements con el neumoperitoneo la 
pardlisis temporal del frénico Mostraron efecto selectivo del laches «le frenicoclasia los 6 


enfermos de estos 7 en quienes se himeron mediciones untlaterale 
kl residual fué reducido raramente por la frenicoclasia sola pero bajo habitual 
mente cuando se ejecuto el 


La dad lal. el aporte unilateral a la ventilacion ln toma deo yono lu capacidad 


ma disminuyveron por lo general en forma notable postoperatoriaments 


atoria ma 
Solo en los que 


La frenicoclasia ocasiond una pérdida funcional en todos los enfermos 


reciineron el neumoperttoneo se observe efecto favor ible sobre la posierdn media 
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de ventilation maxima. Les divisions volumétriques d'un seul poumon ont été déterminde 
chez 10 patients pour tenter de discerner avec une plus grande précision les variations dans 
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INTERMITTENT POSITIVE PRESSURE BREATHING IN PATIENTS 
WITH CHRONIC BRONCHOPULMONARY DISEASE 


A Comparative Evaluation of the Effects of Intermittent Positive Pressure Breathing 
Alone, Oxygen-Nebulized Bronchodilator Alone, and the Two Procedures Together 
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INTRODUCTION 


Intermittent positive pressure breathing has been employed frequently in re 


cent vears for the treatment of conditions associated with disturbances in res 
piration. Numerous reports based on clinical observations and physiologic meas 
urements suggest that both subjective benefit and functional improvement have 
been obtained following the use of the procedure (1-15). However, except tor 
those instances in which intermittent positive pressure breathing was used solely 
as a resuscitative procedure, the simultaneous nebulization of a bronchodilator 
drug has been employed along with it. Therefore, the data reported do not make 
clear whether the beneficial effects are a result of the positive pressure alone ot 
are a consequence ol bronchodilator drugs, or both 

Segal and associates (14) suggested, from vital capacity measurements ob 
tained in five asthmatic patients, that the combination of intermittent positive 
pressure breathing plus a nebulized bronchodilator produces a greater and more 
lasting improvement in breathing than that which could be obtained from the 
positive pressure breathing procedure alone or from the bronchodilator alone 

Recently Fowler and associates (15) made short-term observations on groups 
of ambulatory patients without severe ventilatory insufficiency who were treated 
in such a Way as to make possible a comparison of the results of several combina 
tions of therapy, as judged by improvement of pulmonary function. Their data 
indicated that oxygen-aerosolized was superior to oxygen-intermittent 
positive pressure breathing alone, and was as effective as the combined use of 
oxygen-positive pressure and nebulized Tsuprel”. Nevertheless, they recom 
mended the use of intermittent positive pressure breathimg fo improve 
nary ventilation in other patients who have severe impairment of pulmonary 
function with marked hypoxemia and retention of carbon dioxide 

More recently Segal and associates (16 reported a study of the comparative 
effects of inspiratory intermittent positive pressure breathing without simul 
taneous bronchodilator, and inspiratory intermittent positive pressure with 
nebulized bronchodilator in one group of patients. They stated that inspiratory in 
termittent positive pressure breathing alone caused a decrease of ventilatory tune 


tion, Whereas inspiratory positive pressure with simultaneously administered 
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nebulized bronchodilator produced striking improvement in all ventilatory tune 
tions studied 

They further compared inspiratory intermittent positive pressure breathing 
with nebulized bronchodilator, and nebulized bronchodilator administered only 
by hand nebulization in another group of patients, and concluded that nebuliza 
tion by inspiratory positive pressure was superior. The methods employed in 
these studies are not clearly defined, and therefore it is difficult to determine the 
significance of the changes reported 

The purpose of the present study was twofold: to distinguish the effects of 


oxygen-intermittent positive pressure breathing alone from those of the broncho 


dilators simultaneously administered; and to compare the effects of oxygen 


nebulized bronchodilators alone with those ol nebulized bronchodilators ad 


ministered by intermittent positive pressure breathing 


MATERIALS AND METHODS 


Phis experiment was designed so that each patient would serve as his own control for all 

studies. Twenty four patients, ranging in age from twenty-five to seventy-three years 

average, fifty five vere studied. Their clinical diagnoses, summarized in table 1, included 
chronic pulmonary fibrosis and emphysema, asthmatic bronchitis, cor pulmonale, and 
mitral stenosis with previous eardiac failure 

Ventilatory funetion was evaluated by measuring the dynamic lung volume and its sub 
divisions, the timed expiratory capacities, and maximum breathing capacities, using a 131 
Colline Te spirometer (carbon dioxide absorber and valves removed in order to decrease 
resistance to air flow). Since patients with bronchial obstruction associated sith chronic 
bronchopulmonary diseases show a tendency to trap air in the lung following deep inspira 
tion, the sum of the expiratory reserve volume plus the inspiratory capacity, which is desig 
nated as the inspiratory vital capacity, is usually larger than the conventional expiratory 
vital capacit The difference between these two values provides some indication of the 
degree of air trapping and the severity of the ventilatory obstruction 

In a small number of patients, Tune tional residual « spacity snd the index of intr apul 
monary gas distribution were determined but, since no consistent changes could be noted, 
this part of the stud sas not continued, Initially, measurements of resting ventilation, 
respiratory rate, and oxygen removal rate were also made but, since no significant changes 
were observe these measurements were discontinued 

Control pulmonary ftunetion stuchies were rformed before each ther speutie procedure 
Studies were then repeated twenty minutes after, and one hour after, each of the following 
procedures 


1. Administration of intermittent positive pressure breathing with « 


TABLE 
Diagnoses or 24 Parents wire Diskase iN Waom THE oF 
Positive Presscre Baearnine anv Oxycen Broncnopitator Were 


L.VALUATED 


Chronie pulmonary emphysema and fibrosis 

Asthmatic bronchitis or bronchial asthma 

Post empyema Ww ith ilmonary fibross 

Pulmonary emphysema and fibrosis with cor pulmonale 


Mitral stenosis with previous eardiae failure 
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Fic. t. Oxvygen-bronchodilator nebulization technique This photograph illustrates 
the apparatus used to administer oxygen bron hodilator aerosol by the expiratory inspira 


tory pause method of inhalation dese ribed in the text 


Bennett, flow-sensitive, apparatus (Model TV 2P) using 10 em. of water inspirator 
pressure for ten minutes Alevaire”? was used in the nebulizer to avoid excessive drying 
of the tracheobronchial tree during the inhalation pe riod 

2 Nebulization of Aerolone Compound” * using a De Vilbis No. 40 nebulizer with 
in open side vent attached to an OEM oxygen mask and administered by oxygen at 
6 to7 liters per minute flow for ten minutes The apparatus used is illusts sted in figure | 
The technique of inhalation which was emphasized in this study is deseribed in detail 
in a previous publication 17). The technique requires complete exhalation preceding 
each inhalation: inhalation is done slowly and is followed by a period of two or three 
seconds of breath holding. This technique was referred to as the expiratory -inspirator 
pause method of nebulization therapy, and has been shown to be more effective than 
the conventional successive inspiration method. The amount of brone hodilator drug 


used was the same in both this and the subsequent step of the « \periment 


lriton WR-1339, a complex alkylary! polyether aleohol in a coneentration of O.125 per 


cent. in combination with sodium bicarbonate, 2 per cent, and glycern 5 per cent 


‘Supplied by Eli Lilly Company Indianapolis, Indiana 
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TABLI 


Vouume Maximem Caraciries, ano Timep 


Capacrries ts 24 Partents Distast 


lnepirator Vital capacit 
bxpiratery vital eapacity 
Inapirater ‘ speacit 

| second ¢ stor i! 


J second pirateor capacit 
second « \pirator capacit 


Maximum breathing capacit min 


| The administration of oxygen intermittent positive pressure with nebulized 


Nerolone ¢ ompound" using 10 em. of water inspiratory pressure for ten minutes 


hach stage of the study was done in the above order. Sufficsent time interval (two to 


three hours or more after completion of each group of studies was allowed for the 


ventilatory functions to return to the control values and to eliminate the factor of 
fatigue of the patient. Control observations were obtained just before eae h treatment 
to ensure the absence of residual effects of the previous treatment. However, since 
statistical analysis revealed that the subsequent controls were the same or not sig 
nificantly different from the original control, only the data from the first control ob 


servations were included in the comparisons. One-hour post-treatment studies were 


omitted when oxygen intermittent positive pressure breathing was used alone, since 


the immediate fonetional change was small and variable 
RESULTS 


Phe patients represented a group selected at random from the hospital wards 
and outpatient clinies during the period covered by this study. These were pa 
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bia. 2. Effect of oxygen-intermittent positive pressure breathing on ventilatory funetion 


in 24 patients. These changes were not found to be significant 
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tients with ventilatory insufficiency ranging from moderately severe to severe, 
as shown in table 2. The mean values for the control periods are listed and reveal 
that the maximum breathing capacity was only 34 per cent of predicted normal 
the ratio of one-second expiratory capacity to total expiratory vital capacity 


was only 44 per cent normal > 75 per cent and the total expiratory Vital ea 


pacity Was 2.00 liters, or 75 per cent of the predic ted normal, while the ihspira 
tory vital capacity was 5.19 liters, or S2 per cent ol the predic ted norma! ad 


The administration of oxygen-intermittent positive pressure breathing alone 


did not produce a significant change in the group as a whole (figure 2) (2? < OA 
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represent 


hia }. Comparison of the effeets of oxvgen nebulized bronchodilator with those of 
oxygen intermittent positive pressure breathing combined with nebulized bronchodilator 
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TABLE 2 


Maxime 


Vance or Luna Votes Caracities, ano Timep 


Caracities 24 Patients wirn Disease 


Inepiratory vital « spacit 
Kpirator Vital ecapacit 2.0) 75 
Inapirater capacit 20 | 
second expiratory capaeit 1.27 
2 second expiratory « pacity 1.72 
mecond piratory capacity 2 70 
Maximum breathing capacity, L./min 00) 4 


) The administration of oxygen intermittent positive pressure with nebulized 
\erolone Compound” using 10 em. of water inspiratory pressure for ten minutes 

bach stage of the study wae done in the above order. Sufficient time interval (two to 
three hours or more) after completion of each group of studies was allowed for the 
ventilator functions to return to the control values and to eliminate the factor of 
fatigue of the patient. Control observations were obtained just before each treatment 
to ensure the absence of residual effects of the previous treatment However, since 
statistical analysis revealed that the subsequent controls were the same or not sig 
nifieantly different from the original control, only the data from the first control ob 
servations were included in the comparisons. One-hour post-treatment studies were 
omitted when oxygen-intermittent positive pressure breathing was used alone, since 


the immediate fonetional change was small and variable 
KESULTS 


The patients represented a group selected at random from the hospital wards 


10 


YM], 


dda 


PER CENT CHANGE 


= — - 

VITAL  WITAL CAPACITY ‘EXPIRATORY 'EXPIRATORY EXPIRATORY' BREATHING 
CAPACITY CAPACITY CAPACITY CAPACITY CAPACITY CAPACITY 


hig. 2. Effect of oxygen-intermittent positive pressure breathing on ventilatory funetion 


These changes were not found to be significant 


00, 
— 
: Per Cent of 
Lite Vale Predicted 
terme tal Capa 
ee Per Cent 


POSITIVE PRESSURE AND BRONCHODILATION Wy 
tients with ventilatory insufficiency ranging from moderately severe to severe, 
as shown in table 2. The mean values for the control periods are listed and reveal 
that the maximum breathing capacity was only 34 per cent of predicted normal, 
the ratio of one second expiratory capacity to total expiratory Vital capacity 


was only 44 per cent (normal > 75 per cent), and the total expiratory vital ea 
pacity was 2.00 liters, or 75 per cent of the predicted normal, while the imspira 
tory vital capacity was 5.19 liters, or 82 per cent of the predicted normal 

The administration of oxygen-intermittent positive pressure breathing alone 


did not produce a significant change in the group as a whole (figure 2 P O4 
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to < 0.6). It was found. however, that the 6 asthmatic patients showed a sig 
nificant decrease in the one-second expiratory capacity and maximum breathing 
capacity (P? < 0.02 and < 0.05, respectively). In addition, the 5 patients with 
cor pulmonale in failure manifested minor, but significant, improvement in all 
ventilatory functions following oxygen-intermittent positive pressure treatment 
te 

Both oxygen-nebulized bronchodilator and oxygen-intermittent positive pres 
sure breathing combined with nebulized bronchodilator caused significant im 
provement of pulmonary function as shown in figure 3 (P< 0.001 to <0.05) 
It is further noted (figure 3) that the per cent of improvement was significantly 
greater after oxygen-intermittent positive pressure nebulization of bronchodila 
tor (P < 0.02 to < 0.001). The effects of oxygen-intermittent positive pres 
sure plus nebulized bronchodilator were also more sustained than oxygen-nebu 
lization of bronchodilator alone. This is also illustrated in figure 3, which reveals 
that each function showed a decrease one hour after oxygen with nebulized 
bronchodilator. whereas one hour after oxygen-intermittent positive pressure 
breathing with nebulized bronchodilator, ventilatory function was actually 
better than it was immediately after the treatment. The difference was especially 


apparent wifh respect to the improvement of expiratory vital capacity as com 


pared with the inspiratory vital capacity, and also with respect to the marked 


increase of maximum breathing capacity and timed expiratory capacities 
\ppraisal of cases (table 3) in which excessive secretions or severe ventilatory 


insufficieney were not a serious problem revealed that oxygen nebulization of 


TABLE 3 
oF OXYGEN Nesutizep AND OXYGEN INTERMITTENT Positive 
Pressune Baearuine (O, IPPB) Compinep with NeBULIZED BRONCHODILATOR ON 
Ventitarory Function Tests iN Partents Wirnout SRCRETIONS 
Maximum 
Inspiratory Vital Expiratory Vital Breathing 


Capacity, I Capacity, I Capacity 
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Or | O Or- 
\. Mitral 2012. 22. 01 
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monary fibrosis 2 O12 
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1 W. Pulmonary emphysema 
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5. B.C. Pulmonary fibrosis with 
cor pulmonale 1.491.701.9700 501.151.150 


Mean 
Mean difference ool 0.07 
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bronchodilator by the method of inhalation described above was nearly, or 


equally, as effective as nebulization of bronchodilator with oxygen-intermittent 


positive pressure breathing. However, when severe ventilatory insufficiency and 


excessive secretions result in airway obstruction and ineffective alveolar ventila- 
tion, which was true in most of the patients, dissemination of bronchodilator 
drugs was more effectively accomplished by oxygen-intermittent positive pres 


sure nebulization 


DISCUSSION 


It is apparent from the results of this study that the greatest and most pro 
longed improvement of ventilatory function in patients with severe chron 
bronchopulmonary disease and obstructing secretions Was obtamed with oxygen 
nebulization of bronchodilator drug combined with intermittent positive pres 
sure breathing. Aside from the well-known effects of bronchodilator drugs, in 
these patients the effects of oxygen-internuttent positive pressure breathing are 
twofold. First, the intermittent positive pressure apparatus produced increased 
depth of respiration, some dilatation of the small airways, and more uniform 
ventilation of the air spaces than usually resulted from the subjeet’s own breath 
ing efforts (S). Therefore, the simultaneously administered bronchodilator drug 
is more uniformly distributed and optimal effeet is obtained, Second, oxygen 
intermittent positive pressure with nebulized bronchodilator promotes bronchial 
drainage, since the rhythmic inflation and deflation of the lungs which usually 
results from the use of this method tends to assist in propulsion of secretions out 
of the bronchial tree (18). This is accomplished by virtue of the rapid release of 
the inspiratory pressure at the beginning of expiration, with a resulting high 
velocity expiratory air flow. Thus, obstruction due to mucous plugs might be 
reduced or eliminated 

The effeets deseribed above undoubtedly played a significant role in this series 
and would tend to explain the greater and more sustamed improvement in fune 
tions obtained by the use of oxygen-intermittent positive pressure combined 
with nebulized bronchodilator as compared with oxygen-nebulization of broneho 
dilator without intermittent positive pressure breathing 

On the other hand, in those patients who are able to cooperate by using spe 
cial breathing techniques, no significantly greater improvement in function was 
observed with the addition of intermittent positive pressure to the oxygen nebu 
lization procedure (table 3). Even in this group of subjects who did not suffer 
from obstructing secretions and severe ventilatory insufficiency, however, the 
oxygen-intermittent positive pressure bronchodilator nebulization produced im 
provement in ventilatory function which was of longer duration than oxygen 
bronchodilator nebulization without intermittent positive pressure. This may 
have been a consequence of improved distribution of the bronchodilator resulting 
from intermittent positive pressure in excess of that which could be achieved by 
proper breathing methods alone 

In either case, the effectiveness of nebulized bronchodilator drugs depends to 


a large extent upon their distribution in the tracheobronchial tree. When using 
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the customary methods of nebulization without intermittent positive pressure, 
distribution is determined by the effectiveness of the patient's inspiratory efforts 
in carrying the drug into the lung. Airway obstruction, increased functional 
residual capacity, and diminished alveolar ventilation are among the more im- 
portant factors known to prevent adequate distribution and dissemination of 
the bronchodilator drug. Lmproved distribution can presumably be achieved by 
deep breathing (18). However, in most patients with chronic obstructive dis- 


orders, deep breathing favors air trapping and results in progressive decrease of 


inspiratory capacity and increase of functional residual capacity. Thus, the effec 
tiveness of bronchodilator drugs is reduced, since a comparatively small amount 
of nebulized material is distributed in a relatively large air space. This disadvan 
tage would be overcome, in part at least, by the method used in this study and 
described elsewhere as the expiratory-inspiratory-pause method of nebulization 
(17). A somewhat similar use of an inspiratory pause was also recommended by 
Fowler and associates (15). When oxygen-intermittent positive pressure breath 
ing was used without bronchodilator aerosol, the decrease in one-second expira 
tory capacity and maximum breathing capacity which was found in patients 
with bronehial asthma confirms similar findings obtained by Segal and asso 
ciates (16). This effect may be due to reflex bronchospasm from the stimulation 
ol pulronary stretch reflexes by the greater distention of the lung induced by 
the intermittent positive pressure. Such bronchospasm was opposed, however, 
by the effect of the bronchodilator drugs when administered with oxygen-inter 
mittent positive pressure breathing 

The suggestion by Segal that the decreased function in such patients was due 
to the reflux of blood into the pulmonary tissues and fatigue is unsupported by 
evidence from the data presented (16). Moreover, in the present studies, the 
evidence points not toa restrictive change, which might be expected from either 
fatigue or a reflux of a larger volume of blood into the pulmonary tissue, but to 
an obstructive change such as would occur with bronchospasm. The element of 
fatigue was eliminated in the present study by performing the oxygen-intermit 
tent positive pressure phase of the study first and allowing adequate time be 
tween each part of the study so as specifically to avoid fatigue 

In patients who had pulmonary congestion associated with evidence of heart 
failure, the increased function observed with the use of oxygen-intermittent posi 
tive pressure alone may have resulted from an increase of pulmonary compliance 

The pressures and the duration of treatment used in the present study do not 
necessarily constitute a recommendation of this specific regimen for routine use 
Pressures, medications, and duration of the treatment to be used with inspira 
tory intermittent positive pressure breathing apparatuses is a special problem 
which requires individualized consideration and is beyond the seope of this 
report 

Since this study was completed, the present writers have had limited exper 


ence with the Emerson’ inspiratory positive pressure respiratory assistor, as well 
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as the Haliburton® unit. both of which are entirely satisfactory units for such 
treatments. Each has certain minor advantages and disadvantages under given 
circumstances, but agam a discussion of the technical aspects of these instru 


ments is bevond the Scope of this study 
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Studies designed to evaluate the beneficial effects of mtermittent positive 
pressure breathing in pulmonary disease have been complicated by the simul 
taneous administration of bronchodilators. This investigation was undertaken 
in an effort to distinguish the effects of intermittent positive pressure breathing 


alone from those of the bronchodilator agents administered simultaneously and 


to compare the effeets of nebulized bronchodilator alone with those of ne bulized 


bronchodilator administered by intermittent positive pressure breathing 
The results of studies revealed that: 

1. Oxvgen-intermittent positive pressure breathing alone, except tor the 
immediate effects of the oxygen administered, is of no value chron 
bronchopulmonary disease 

2. Oxygen-intermittent positive pressure breathing enhances the effes 

tiveness of simultaneously administered bronchodilator aerosol, as a result 
ob ed distribution of the inhaled bronchodilator and better ev aciation 
of bronchial secretions 

| Whereas oxygen-intermittent positive pressure breathing, combined 
with nebulized bronchodilator, offers significant acute benefits when exces 
sive secretions or severe ventilatory insufficiency tsa problem 
nebulization of bronchodilators by improved breathing techniques, but with 
out mtermittent positive pressure breathing vields equal results i most 
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hee Positiva Intermitente bajo Presion Unida al Broncodilatade Nehulicado 


Los estudios ce tinads valuar los efectos benefice de la re piracion positiva in 
termitente bajo presién se han visto complicados por la administracion simultanes cle 
broneodilatadores. kamprendiOse esta investigacion con mira i diferenciar los efectos de la 
respiracton po itiva intermitente bajo presién sola de los broneodilatadore 
simultAneamente 1 comparar los efectos del broneodilatador nebulizado solo con los del 
broneodilatador admintstrado con la respiracion positiva intermitente preston 

Los resultados «de estudios revelaron que 

1. La respiracién positiva intermitente de oxigeno bajo presion sola, aparte de los efecto 
inmediatos del oxigeno administrado, no posee valor en las afeecrones broncopulmonare 

2 La respiracion positive intermitente de oxfgeno bajo preston re ilza la del 
serosol broneodilatador admintistrade multaneamente COT de la jor hi 


tribucion del broneodilatador inhalado y la mejor evacuacin de las sec res jones bronquintes 
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tanto que la respiracién positiva intermitente de oxigeno bajo preston combinads 
exceso 


con el broneodilatador nebulizado, ofrece importantes benefieios agudos cu sneer ¢ 


de secreciones o la grave insuficiencia ventiladora constituyen un problema salrente 


nebulizacion de broneodilatadores con oxigeno por medio de técnicas respiratorias pet 


esultados iguales en 


feccronadas, pero sin respiracion positiva intermitente bajo presion dar 


la mayor parte de low demas casos 


KESUME 


Nhe aprration sous pression positive intermittent« chez les malades atteints d’affections brone he 


Kvaluation com parce des effets oduitts par la ation sous 


pulmonaire ch 
les bronchodilatateurs nébuliads par Corygene 


pression positive intermiltente seule par 
seule et pa la ve ape ation sous pression positive intermittente plus Varéosol bronchodilata 


leur 
Les études effectuées dans le but d’évaluer, dans les affections pulmonaires, les effets 


de la respiration sous pression positive intermittente, ont été rendues plus 


favor ibles 
complexes par l'adjonetion simultanée de broncho dilatateurs. L’investigation 


wtuelle i 


entreprise pour essayer d’établir une distinetion entre les effets de la respiration sous 


été 
administration simultandée ce 


pression positive inte rmittente seule et ceux qui résultent ce 
broncho-dilatateurs, et aussi pour comparer les effets du broncho-dilatateur nébulisé seul 
svee ceux produits par le broncho dilatateur nébulise viministré par le procédé de respir 
Pression positive intermittente 
Les résultats de l'étude ont révélé que 
|. L’inhalation d’oxygene sous pression positive mtermittente seule, wl leflet 
immédiat de l'oxygine administré, est sans v dans l'affeetion broncho pulmonaire 
chronique 
L’inhalation d’oxygene sous pression positive 
de Vaérosol broncho-dilatateur administré simultanément, comme 


intermittente augmente 


d'une meilleure distribution du bronehodilatateur inhalé et d'une meilleure évacuation 


des sécrétions bronehiques 

3. Ce qui demeure un probleme majeur, ¢'est de déterminer si Vinhalation d’oxygene 
pression positive intermittente, iée A la nébulisation d'un broncho-dilatateur 
offre des avantages appréciables en présence de mucosités particuliérement abon 
dantes ou d’une insuffisance marquée de la ventilation, ear des résultats égaux sont 


obtenus dans la plupart des autres cas par ln nébulisation de broncho dilatateurs par 


de techniques d'inhalation améliorées, la respiration sous pression 


Voxygene 
positive intermittente étant exclue 
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INTRODUCTION 


Preparations of Old Tuberculin vary in their potencies and, therefore, are not 


dependable for use in the diagnostic skin test for tuberculosis. For this reason 


attempts by many investigators, beginning with Koch himself, have been made 


to iolate the active fraction which has been shown to contain the specity ue 


tivity (1, 2). A protein product practically free of all the impurities in the culture 


filtrate, ine lucing poly saccharide and nucleic acid, has been adopted as the Inter 


national Standard (3) for such preparations 


However, when this product was studied by the newer physicochemical meth 


ods, it was found to be a mixture of proteins with different electrophoretic proper 


ties. The isolation of these proteins, therefore, became a goal. As heat modifies 


protein, it Was necessary to make fractionations on unheated tuberculin \t 


least three different proteins were isolated (4), and they were found to have dif 


ferent relative potencies when tested in comparable dosage based on their nitro 


gen contetts 
Before any one of these proteins could replace the present PPD-S for diagnos 


tic purposes, it would be necessary to establish the ability of obtaining it with 
pury 


reproducible composition as well as potency. Moreover, its poteney should be 


at least as great as that of the P''D-S in persons with clinically significant tuber 


culosis., The present study is an attempt to survey the chemical and biological 


properties of many protem fractions isolated from tuberculins of different strains 


on different media and by different methods, and to determine thei repro 


ducibility 
\ study such as this has also the possibility of detecting protein fractions 


which have significant potencies for persons with hypersensitivities due to dif 


ferent causes, as suggested by Palmer (5 


MATERIALS 


Many different tuberculin protein preparations prepared in the past were utilized. In 


general the preparations were molated by the aleoholic low temperature procedure whieh 


was previously desenbed (4) and which was utilized in the preparation of lot No. 108, one 


of the preparations discussed in this paper. Details on the preparation of fractions will be 


limited to the last three lots of tuberculin, viz lots Now 107. 10S. and 109 


From the Henry Phipps Institute, University of Pennsyvivania, Philadelphia, Penn 


‘Vivania 


Phis study was aided by a grant from the Committee on Medical Research of the Aneri 


can Trudeau Societ medical section of the National Tuberculosis Association 
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Preparations Nos. 107 and 10S were made from two batches of raw culture filtrate of the 


H37Ra strain grown on Wong-Weinzirl medium at pH 6.5 in the Research Division of heli 
by Dr. William B. Sutton. Lot No. 107 consisted of 125i ml of filtrate of a 


») week old culture and 20.670 ml. of an Il week old culture. Lot Ne. 10S was the filtrate 


of 30.000 ml. of a 13-week-old culture. The bacilli of both lots were filtered off alive, and the 
filtrates were refiltered through the Seitz filter. They were then distributed in 250 mi 
imounts into bottles and lyophilized. Lot No. 107 did not dry well and was po ed and re 
filtered before shipping to this laboratory 1 SOO mil Lot No. did dr well and was 
shipped in the lyophilized form The fractionations of these two lots are given below 

Lot No. 109 was prepared in this laboratory from the DT strain of bacillus grown on 
Long's svnthetic medium. The procedure for its fractionation is alse given below 
107 


Fractionation of therculinsa from Lota 108, and 109 


Lotsa Now 7 and 108: Lot No. 107 was processed in several batches ill essentially b 


the same proces Lot No. LOS was put inte solution with water in a volume of 1.200 mil 


Both lots were processed in the following manner 

The onginal solutions, | th of which had a pil of 5S, were clanhed by centrifugation 
in the refrigerated Spinco Preparative Ultracent rifuge to for fort 
minutes. A dark bro i ike aggregate snd a creamy granular sediment (probably in 
organic | sere removed and discarded, leaving tal clear deep reddish brown 


In the case of | \ 10S the solution was washed at 4 ty ultrafiltration with 


proximate! ml. of on four gun-cotton membrane per cent 
remove a large amount of the salts and medium constituent Another brown gel deposited 
on the membranes sas removed trom the washed solution centritugation at 
for forty five minute ind disearded. The solution was again filtered through paper. From 
here on this solution was treated in the same wa is the orginal clarihed solution of 
107. The method was follows 

The olutions were brought to pil bow the ur wlual addition of acetie acid con 
tow sere collected eentritugation i! 


buffer 40 


wit stirring. The freel igeregating precipita 
20.000 to for forty minutes were washed with acetate 
centrifuged, redissolved in phosphate buffer pli 7.6, dialyzed agaimet this buffer, and fitsalls 


gain centrifuged at 40.000 r pom. for forty minutes to tree them of a deep brown gel. The 
lear solutions were filtered through the Seitz filter and stored in sternite condition at —6 
These fractions were called 107 land 108 and corre sponded to the proteins previgu | 
designated as © protein tractions 


upernatants from t he pi 10 precipitates were sturated with sold ammonium 


ulfate while stirring and allowed to stand overnight at 4 The precipitate sere then 


removed by centrifuging at 20.000 to 90.000 rpm. for thirty tive to forty minute it 5 


hed twiee with saturated ammonium sulfate solution ispended of 


phate buffer pH 7.6, and dialyzed (in the « No 17) or washed free 


ft ammontum sulfate t ultrafiltration (in the case of lot > 11s The dialyzed or washed 


olutions were then filtered through the Seitz filter and terile solutior if | 


These fractions were designated 107 IL + TIT and 10s 1) + FIL, and corresponded to the 
little Het 


Land! pes of proten deseribed previous! However. there 
the A and B 


protenn in either of these fractions, and attempt wre 
proteits a Was Original planned 

The ipernatants from the sturated ammonium sulfate preeip sere of deep aniber 
color and had ipl 10. The were concentrated and washed with water! 


( intil free of ammonium sulfate and refiltered through the Seitz filter The 


The writers wish to thank Sharp ind Dohme Co. for contributing the Spinco VPreparn 


Itracentmfuge 
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were ealled 107 IV and 108 IV and, since they contained a large amount of polysaccharide 
they were called glycoproteins, although it has not yet been conclusively established that 
they are true compounds of protein and carbohydrate 

Lot Ne. 109; This lot was processed after it was found that very little of the B type of 
protein was present in either of lots Nos. 107 or 108, which had been made from the H37Ra 
strain. A review of earlier work showed that the B type of protein had been isolated chiefly 
when the DT strain was used 

This lot (No. 109) was made by growing the DT strain on Long's synthetic medium for 
nine weeks. The bacteria were filtered off alive through filter paper and then through the 
Seitz filter ielding 17,175 ml. of filtrate. This solution was concentrated by ultrafiltration 
at 4°C. to 164.5 ml, and acetate buffer was added with stirring until the pH was 4.6. The 
precipitate (100 1) was washed three times with buffer pH 4.6 and then suspended in 0.9 M 
wetic acid pH 2 to 3. The soluble portion (109 Ia) was centrifuged off, dialyzed against 
phosphate buffer pH 7.8, and clarified by high-speed centrifugation at 5°¢ The portion 
insoluble at pH 2 to 3 (109 Ib) was suspended in phosphate buffer pH 7.8, dialyzed against 
thi« buffer, which effected solution, and clarified by high speed centrifugation at 5°C. Both 
of these fractions represented C type proteins 

The portion of the original filtrate soluble at pH 4.6 was further fractionated by means 
of aleohol at low temperature by the technique used in previous studies (4). The solution 
wae first concentrated by ultrafiltration to 77 ml and then absolute alcohol was added 
until a 30 per cent concentration was obtained. The precipitate obtained was divided into a 
small portion insoluble at pH 7.5 (109 Va), which by the previous scheme (4) would probably 
be polysaccharide, and a larger soluble portion. The soluble portion was precipitated at pH 
1.6, giving the Ib type of protein, and then this precipitate was suspended in and dialyzed 
wgainst phosphate buffer pH 7.6. A considerable amount of this dialyzed solution centri 
fuged down at 30,000 rpm. at 5°C. as a pink pellet, which was finally put into solution 
with dilute sodium hydroxide and neutralized with acetic acid, giving a reddish solution 
It was filtered through the Seitz filter and was called 100 Ila. The supernatant, containing 
the more soluble portion (100 11), was also filtered through the Seitz filter. Both were con 
sidered to be B type proteins, since they were soluble at pH 7.6 in 30 per cent aleohol but 
insoluble at pH 4.6 

The portion of the original solution still soluble at pH 4.6, even after the addition of 
3) per cent aleohol, was precipitated further by the addition of more alcoho! until the con 
centration was 70 per cent. This precipitate, which represented the A type of protein, was 
removed by centrifugation at 30,000 r.p.m., suspended in and dialyzed against buffer pH 
7.4. and clarified again by centrifugation and filtration through the Seitz filter. It was 
ealled 109 III 

The entire remaining solution, soluble at pH 4.6 in 70 per cent aleohol, was then concen 
trated by ultrafiltration, washed with phosphate buffer pH 7.6, and clarified by high speed 
centrifugation and final filtration through the Seitz filter. It was called 109 IV and was 
probably mainly glycoprotein. It was almost identical in its electrophoretic pattern with 
the fraction 100 IV previously isolated (7) in the same way from the H37 strain 

Bacillary bodies of Lot No. 109: Some of the moist DT bacilli were extracted by means of 
urea as described earlier (8). An amount of solid urea equal to twice the weight of the moust 
bacilli was added. The whole was stirred and kept in the ineubator room at 37°¢ 
for seventy-two hours with frequent stirring. The pasty mixture at first became very cold 
and later appeared to liquefy. Water, equivalent to the weight of the bacilli, was then added 
snd the mixture was filtered through paper and then through the Seitz filter. The clear 
supernatant was concentrated at 4°C. by ultrafiltration after the addition of an equal 
volume of water and was finally washed free of urea with phosphate buffer pH 7.6, 4 = 0.02 
Acetate buffer was then added until the pH was 4.0. The resulting precipitate was centri 
fuged off, suspended in phosphate buffer pH 7.6, dialyzed against this buffer, and clarified 
by filtration through the Seitz filter. This fraction was called 109 B Id. Some of this precipi 


tate was suspended in acetic acid of pH 2.4, and the portion which went into solution was 
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dialyzed against phosphate buffer. It was then filtered through the Seitz filter and was 
ealled 100 B Ia 

The material originally soluble at pH 4.0 was then concentrated by ultrafiltration 
dialyzed free of urea against phosphate buffer pH 7.6, and filtered through the Seitz filter 
It was designated 109 B Il 


Vethods of Analysis and Test 


Vitrogen was measured by the Markham method (9), and protein was calculated from 
this bv the use of the factor 6.25. Nuclere acid was determined by the Disehe diphe nviamane 
10) method, using pure desoxvribonucleie acid as st wndard. Carbohydrate, calculated as 
glucose, was determined by the Koehler modification (11) of the Morris anthrone method 
using a ten-minute heating period 
Ultranolet spectral abso plions were me asured in the Beckman Spee trophotonn ter 
Electrophoretic patterns were obtained with the Tiselius electrophoresis apparatu 
using in all eases phosphate buffer pH 7.6, 0.1, at a potential gradient of & to 10 volts 
The mobilities were recorded in units of volt”! sec 
Paper chromatograms were made in the ascending direction on S by S-inch sheets of 
Whatman No. | paper, first in phenol and then in butyl-acetic solvents, prepared according 
to Berry (12). The patterns were developed by spraying with 0.25 per cent solution of nin 
hvdrin in anhydrous acetone and then drying for four minutes at 90°C. Reducing sulfur 
imino acids were specifically detected by spraying other chromatograms with a solution 
made according to Toennies and Kolb (13) as follows: 4 ml. of 0.002 M platinocehlorie acid 
plus 0.25 ml M potassium iodide plus0O4 ml. of 2 N hydrochloric acid plus 76 ml, of acetone 
On drying at room temperature, white to pale yellow areas appeared against a pink back 
ground in the position of the redueing sulfur compounds 
Cystine and a-e-diaminopimelic acid were identified b the use the hight ensitive 
ind specific mutants ot Kacherichia coli isolated by Davis (14 mutant No. 174 25 
which requires diaminopimelie acid for growth, was seeded in agar plates made from basi 
medium (15) supplemented with lysine. When drops of the hydrolysates were put on these 
plates, growth became evident wherever the diaminopimelic acid was present. A similar 
technique for detecting the presence of cystine was used with the mutant No. 57-20, which 
requires cystine for growth, seeded in plates made from the simple basie medium 
Skin tests were made both on guinea pigs and patients. The guinea pigs used had been 
previously infected with the DT strain of tuberele bacillus. Comparable doses 0.005 mg. of 
protein based on the nitrogen contents) of the different fractions were injected intrader 
mally in 0.1 ml. amounts simultaneously in sites which were randomized in the group of 
pigs tested. The identity of these sites was not known at the time of reading Standard 
PPD-S was included in all series of tests. After twenty four and forty -emht hours, the rea 
tions were read as two diameters at right angles to enc h other, and the height of the reaction 
was estimated on a scale of 1, 2, 3, and 4. The two diameters of each reaction were then 
iveraged and recorded in the table with the height 
The patients were from the chest clinie of the Henry Phipps Institute. Intradermal i 
jections of 0.1 ml. amounts of comparable dilutions of the fractions were made in the volar 
surfaces of the forearms approximately 2 inches below the elbow. ach product was com 
pared with the standard PPD-S, given in the opposite arm. After forty-eight hours the 
smount of induration of the reactions was measured as two diameters at right angles to 
each other. and the height of the reaction was estimated on a seale of 1, 2, 4, and 4. On 
ilternate patients the areas were reversed, and the identity of the product used in each site 


was not known to the observer when the readings were mace 
RESULTS 
Yields 


In table are recorded the vields of the different Iractions calculated from 


refractive index determinations on the solutions, using as control the buffet 
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TABLE 


Yietos or Fraction 


Yields of Fractions from Lots Nos. 107, 108, and 100 and from Bac ilh of Lot No. lO9 


Wong ‘ 
Weinzirl 


(alycoprotem 


Wong 
Weinzirl 


Cilye oprotemn 


Clycoproteim 
Pol 


ch 


Long 125 gm 
eith 


lotal grams based on refractive index analyses 


of protem based on nitrogen content 


solution or water against which they had been dialyzed. The refractive index 
increments previously found (16) were used, viz., for protem and O.OO14 
for polysaccharide or nur leic acid. Since the 107 IV, LOS TV, 109 TEL, and 109 TN 
fractions consisted of 40 per cent or more polysaccharide or nucleic acid, an 
average Value of 0.00164 was used as the refractive index increment for these 
fractions 

The protein content Was estimated on the basis of nitrogen values. The dit 
ference between these protein concentrations and the total concentrations esti 
mated on the basis of refractive indices gives a rough idea of the amount of 
carbohydrate present and shows that the [IV fractions im all cases contained a 
high percentage of carbohydrate 
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TABLE 2 
(CHEMICAL ANALYSES 


Analvees of Fractions of Lote Nos. 107, 10S, and 106 


10S 


17 
10s 


107 
10S 


protem ota 


nal yse 


The chemical analyses recorded in table 2 give the percentage of protem 
carbohydrate, and nucle acid in each fraction and their ultraviolet absorp 
tions. The results show that there was very little nucleie acid in the fractions ob 
tained from lots Nos. 107 and 109, in contrast to those from lot No. 108. The high 
nucleic acid content of the fractions of lot No. LOS explains their high specifi 
densities at the maximum wave lengths, and also the fact that their maximum 
wave lengths were at A255 to A265 instead of AZSO, which is characteristic of 
protein See an earlier study on this subjeet (17 

In the case of the A fraction of lot No. 108, purification by the method pre 
viously recommended and used in the preparation of the standard PPD-S (2 
Le., precipitation with ammonium sulfate at neutrality did lower the nucle 
acid content as well as the specific density. GSee A-1OS (a) in table 2 It alse 
caused the maximum absorption to shift to A275 and rumed the ratio of maxi 
mum to minimum absorption from 1.14 to 140 


The ratios of the densities at the maximum to munimnunm tor the A or B type 


of proteins when they are not grossly contaminated with muclere a id are in gwen 


eral approximately two or more, whereas those for the C type of protem are 
usually lower. This fact confirms the results previously reported (4), and, there 


fore, appears to be a tbs ful method for following the s« paration ol these proteiis 
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TABLE 3 


Content of a «Diaminopimelie Acid in Protein Hydrolysates 
f a « Diaminopame 


Based on Growt 


Mutant No. 1 


alight 
10s 


Trace 


High 


a Diamimopimele acid ooo 
('yatine 


ap glycoprotein 
bacillary protein 


The residue fractions are shown to contain a large percentage of carbohydrate 
and are, therefore, called glycoproteins. The proteins contained in these fractions 
have very low electrophoretic mobilities, as shown in the next section, and may, 
therefore, be of the A type 

‘Two of the bacillary proteins (109 la and 109 Id), which were precipitated 
from the bacillary urea extract at pH 4.0, appear to be relatively pure proteins 
They differed only in the fact that 100 Id was the whole original precipitate and 


100 Ia represented only that portion of the precipitate which was soluble at 


pli 24 The analyses indicate that some purification was effected in this manne 


Identification of a-eDiaminopimelic 


Amino acids were identified by means of paper chromatograms in hydrolysates 
of a few samples of each type of protein. In addition to many of the well-known 


amino acids, in some of the preparations a spot with an Ry of approximately 


* The writers wish to thank Dr Eb. Work for some a «¢-diaminopimelic acid used for identi 
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0.08 to 0.05 in butyl-acetic solvent and of 0.092 to 0.108 in phenol was found 
This is the Ry of a-ediaminopimelic acid, an amino acid found by Work (1S 
only in mycobacteria, diphtheria bacilli, and certain algae 

The intensity of this spot on chromatograms made with 4 A of solution, con 
taining in each case 75 7 of protein, varied with the different fractions in a de 
scending order as follows: glycoproteins, A protein, B protein, bacillary protein 
None or only a trace was found in the C protein When the spots were measured 
by the densigraph’ and the areas of the density curves measured with a planime 
ter, the approximate results given in table 3 were obtained 

\ number of sulfur amino acids, such as eystine, cysteine, eystere acid, and 
cystathionine give spots in close proximity, but the only one to appear in the 
exact position of a-e diaminopimeliec acid under the conditions in these experi 
ments is the sulfur amino acid lanthionine. Therefore, fresh chromatograms ot 
the fractions were sprayed with the platinum chloride solution, which gives 
bleached spots in all positions of sulfur amino acids, Since the spot under ques 
tion did not bleach, the original interpretation that it represented a-e-diamine 
pimelie ae id was justified 

Further confirmation of the presence ol this amino acid in the different tra 
tions in the relative concentrations given above was obtained by use of the 
mutants* of Escherichia coli of Davis (14). The estimations of the amounts of 
growth obtained on plates of his minimal media (15) seeded with the No. 174-25 
strain, which ts specifi lor a-e diaminopimelic acid, are listed in table 5. The 
results show that a-e diaminepimelic acid was present in greatest concentration 
in the glycoprotem fractions. Less was present in the A protein and bacillary 
fractions and still less in the B protein and PPD-S. It occurred only to a very 
slight extent in the C protein 

\ similar type of experiment utilizing the No. 57-29 mutant, whieh is specific 
for eystine, showed that this amino acid was not present in two glycoprotein 
fractions. Therefore, the absence of cystine shown by this experiment its well as 


the absence of sulfur amino acids with low Ry values, which was demonstrated 


above in the paper chromatograms, gives strong support to the conclusion that 


the spot under investigation was diaminopimelic acid, as was indicated by the 


ninhydrin chromatograms and the mutant experiments 


klee trophore Prope 


\ summary of the elec trophoreti mobilities of the fractions isolated pres lously 
as well as of those whose fractionations are given in detail in this papet Lots 
Nos. 107, 108, and 109) is presented in table 4. The mobility of the main com 
ponent in each diagram is italicized. Largely on the basis of these mobilities 
and their chemical! properties the fractions were designated as A, B,C, or glyco 
protein. The ranges for the mobilities of the different groups of proteins are given 
in table 5. The different solubilities of these fractions also indicate that they are 
different substances. The purest preparations in each group showed a single 


The writers wieh to thant Arthur H. Thomas for the den igraph used in these tides 
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rABLE. 5 
CLASSIFICATION OF BY 


fanges of Mobilities and Solubilities 


Insoluble at pH 4.0 

Soluble at pH 4.0 unless 30 per cent aleohol is pres 
ent 

pH 10 unless 70 per eent aleohol pres 
ent 


(ilycoprotein ‘ Soluble at pH 4.0 and in 70 per cent aleohol 


component approaching electrophoret i homogeneity, and the patterns ol these 
fractions are given (figures | and 2 

The electrophoretic diagrams of the fractions of lot No. LOS confirmed the 
chemical analyses in showing the presence of a small fast component with the 
mobility of nucleic acid or a nucleoprotein in both the A and C fractions. It 
disappeared when the A fraction was repurified as described under analyses (se 


previous section 
Potency of Fractions 


Tests on quinea pigs: The results of skin tests on guinea pigs made with con 
parable doses of the fractions tested (0.005 mg. of protem as calculated trom 
their nitrogen contents) are given in table 6. In the table the average dimensions 
of the simultaneous reactions in the three sets of experiments are given for the 
twentv-four-hour and the forty-eight-hour readings. The 107 (A) and 1OS8 (A 
fractions were the most potent and even more potent than PPD-S, The 107 (C 
and 108 (C) fractions gave the smallest reactions. These results confirm many 
previous findings with A and C proteins (19). The 107 and 108 glycoprotein 
fractions gave reactions intermediate between A and © 

Tests on humans: The comparative skin tests on the guinea pigs were definite 
and reproducible from experiment to experiment, even in small groups of animals 
and, therefore, a simatlar Wits attempted in humans. Small series of 
tests were made with comparable doses biased on the nitrogen values) of se eral 
different preparations of each ty pe ol protein, eae hin OULpPArison with the stand 
ard PPD-S. The groups on the whole were small, but it was considered of more 
value at present to make a preliminary survey of the possible reproducibility 
of results from many preparations than to make large surveys with a few. Large 
surveys are in the future program It was shown previously 3) that, when two 
substances were compared in the manner herein deseribed, a mean difference ot 
more than 10 per cent in the sizes of the reactions to the two substances indi 
cated a statistically significant difference in thei potencies 

As may be seen in table 7, the different preparations of the A or A+ glyco 


‘rotein tvpe of protein were nearly equal to or less potent than the PPD-S in 


highly hypersensitive persons who reacted at the 0.00002 mg. dosage level. In 


deed, in some instances the preparations failed to elicit: reactions which were 
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ASCENDING DESCENDING 


Fic. 1. Eleetrophoretic diagrams of two each of the purest A, B, and C proteins. All 
were run in phosphate buffer, pH 7.6, 4 — 0.1, at a potential gradient of 9 to 10 volts. Frac 
tion 107 A ran for 79 minutes and had a mobility of 1.1; 108 A, S4 minutes, mobility 3.4; 
OS KB, OO minutes, mobilities —6.4 and —7.4; 100 B, 115 minutes, mobility 6.5; “WC, 74 
minutes 6.5, 908 OO minutes 64 


detected by the PPD-S. (Such reactions are marked in table 7 in parentheses 


The C type of protein in all cases was less potent, especially in two preparations 


In many cases, reactions were produced by PPD-S but were not elicited by the 
C type of protein. On the ether hand, four of seven preparations of the B type 
tuberculin protein or the bacillary protein gave larger reactions than the PPD-S 

In persons with lower hypersensitivity, ie., those reacting only at the 0.005 
mg. dosage level, most preparations of all types were more potent in comparison 
with PPD-S than at the lower dosage level, and some were considerably more 
potent. The C proteins again were the least potent 
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BACILLARY PROTEINS 


ASCENDING ‘DESGENDING 


electrophoretic diagrams of two urea-extracted bacillary proteims run in pho 
phate buffer, pH 7.6, 0.1, at a potential grade of 9 to 10 volts. Fraction 100 B la ran 
for 4 minutes and had a molnlity of 6.9; and 109 B Id ran for 90 minutes and had «a me 


bility of 65 


TABLE 6 
Porency or Fractions ror Guineas Price 


Comparative Skin Tests in Guinea Pigs with 107 and 10S Fractio 


Dimensions in M 
wos My 


Number of 
Cuinea Pig 
Tested 


PPD S 
\ 
GP 


GP giveoproteimn 


715 
— 
ay 
then 
bxperiment traction Tested Lot Number 
\ 107 2.1 2.8 26 
~ 
- ‘a 
I! 17.7 x 2.7 7.2 x 3.0 
\ 10S m7x 3.0 nox sO 
97 xX 20 xX 2.0 
107 ws x 2.3 20 
107 63x 20 17.4 2.0 = 
\ 10s 27x 2.3 228 «24 | 
GP 15.7 1.8 i26 «16 
| 
| 
| 
off 
’ 


TABLE 7 


Porency or Fractions ror Humans 


Comparative Skin Tests in Human Beings 


Differen« 


of Numbse Average Dimen mn Average Number of 4 D 
y , erag mension 
Prot Test Positive ns of Reactions Diameter Positive Mill 
Rear Millumeter from Reactior 


0 
PPDOS 2 23.4 x 
\ 107 24 25.7 
PPD Ss 27.7 x 
\ 41 22.1 & x 
PPDS i! 27.7 xX 


AGG i! 233.9 2 12 21.9 2.311 M 
A.2 xX x 
A+GP 24.7 x 
PPD Ss 24.8 


GP 135 277.0 2.6 os 0.4 xX 2.0 7.7 
PPD 135 27.3 
GP (3 23.3 &X x 
PPD: 


24 $3.2 2 +36 x 2.1 
PPD S 24 206 x 
a7 20.3 x 
PPDS (4 2.0 
PPDS ‘4 21.4 xX 


( Ww (2 3.7 20 11s rf @ 2.7 
PrDS 2.5 2.3 19.7 2.3 

( 22 24.8 X 2.4 2.8 7.9x« 1.9 0 
PPDS 22 277.6 2.4 17.9 x 1.9 


( WwW 95 20 s.7 54 21.5 2.3 
Pris X 2.5 2.0 & 
( st xX 20 12.4 126 2.2 
2.9 2.7 126 xX 
6 7 6 7 (2 x 
x x 


illary 


PPD Ss 7 X 2.3 Is 9.5 2.1 
2.4 x 2.4 +2.7 7 m6 2.1 (1M 
20.7 2.4 7 21.0 < 1.7 
+18 Not tested 


Bild we xX 2 


* The numbers 


in parentheses indicate the number of reactions missed by one of the 


products tested. The reactions to the other fraction were not included in the average 


dimensions given for it 


GP = Glycoprotein 
KP Bacillary prote:n 


Me 0005 Me Dose 
Differ 
ue 
‘ 
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PABLE 


FRACTIONS IN HUMANS 


POTENCIES OF 


RELATIVE 


Average Sizes of Reactions of the Fractions Relative to PPID-S, in Milli 


Differences in 


meters 


>My ws My 


Aor A + Glyeoprotein —O.1l mm 2 +4.6 mm 


25to +3.6 mm +4 


>» 


( 12 4 to 2s mm 0 mm 


Bacillary fractions 28 to +2. 7 mm +i 7 to +8 6 mm 


\ summary of the ranges of actual differences in the average sizes of reactions 


of all of the fractions tested in comparison with PPD-S at both dosage levels is 


presented in table S 


These results indicate that there are proteins of different relative potencies in 


raw tuberculin and that some of them. especially those of the C ty pe, are con 


siderably less potent than others 


DISCUSSION 


The results in the present study show that there are proteins with different 


chemical properties in unheated tuberculin. The relative amounts of these pro 


teins vary in different tuberculins even from the same strain of bacillus grown 


at different times. For example, in previous fractionations it was common to 


find that the largest percentage of the protein was in the form of the C type 


whereas, in the three fractionations given in this paper, the A type ob protemn 


predominated, The Wong-Wenzirl medium had been used in the preparation 
of lots Nos. 107 and 108, and Long’s medium was used for lot No. 100. In all 


of these cases the C fraction was seant, in contrast to earlier preparations, all of 


which had been made on Long’s medium. The conclusion must be reached 


therefore, that variable relative amounts of the different proteins are produced 


from time to time, regardless of the strain, the time of growth, the medium used, 


or the method of isolation. The necessity thus arises for isolating the different 


proteins in order to obtain protein fractions with reproducible composition. [tts 


a gratifying fact that such fractions can be isolated by many different methods 


from any of the raw tuberculins, and they can be identified chemically and espe 


cially by means of electrophoresis. Reagents such as ammonium sulfate and 


alcohol at low temperature and at different ranges of pH have been successfully 


used for isolation by the present writers, and zine sulfate was used by Pang 
born (20).’ 


It was shown earlier (17) that the amino acid composition of the C protein 


was different from that of the A type of protein in that it contained more of the 


’ This product proved to be a mixture of A and B proteins wid had a protene compar aloe 


to similar fractions isolated by the present writers. The high relative potency originally 


ittributed (2), 21) to this fraction was due to the fact that it had been comoared with an 


inferior PPD produet 


ile 
Dosage Level 
Pract 
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neutral amino acids, leucine, phenylalanine, and valine, and less glutamic acid 
plus alanine, glycine, arginine, and lysine. The presence of an amino acid not 
commonly found in nature, a-e-diaminopimelic acid, but here noted in the glyco- 
protem fractions and to a lesser extent in the A type of protein, may explain the 
previously reported high content of lysine in these proteins, since the method 
then used for determining the amino acids (17) would not distinguish between 
these two substances. The C type of protein contained little, if any, of this 
amino aed. It is interesting that this amino acid was identified in the lipo 
polysaccharide fraction obtained from the bacillary bodies by Asselineau, Chou 
croun, and Lederer (22) 

In other ways also the C type of protein appeared to be quite different from 
the other proteins of tuberculin. [t was insoluble at pH 4.0 and had a higher 
absorption density at its minimum wave length (4250) in contrast to the A pro 
tein, and also had a higher electrophoretic mobility. However, in the latter 
property only, it resembled the B type of protein 

It is clear from even the small number of skin tests given in this study (table 7) 
that the protein fractions varied in their tuberculin potencies. The C type of 
protein was definitely less potent than the A or B proteins. The difference be 
tween the A and B proteins was much less marked. Whether or not this is bio 
logically significant can be determined only by large-scale surveys 

The results indicate that an improvement in the method of producing a potent 
tuberculin would require the preliminary removal of the less potent C type of 
protein. This can be done easily by precipitation at pH 4.0. Whether it will then 
be necessary to separate further the A and B type of proteins, instead of using 
the whole residue fraction, remains for future study to determine. The carbo 
hydrate in this residue fraction. could logically be ignored, since it appears to 
have no influence itself on the potency. In this case, the proper concentration of 
protein could be assured by calculating dosage on the nitrogen content. It might 
he advantageous, however, for the sake of purity and constancy of preparation, 
» to remove the carbohydrate and nucleic acid impurities from the A plus B protein 
by a single precipitation. This could be done with any of a number of different 
reagents 

The fact that, relative to PPD-S, less difference in potency was found with 
the A and © type of proteins in the less hypersensitive patients, who react only 
to the higher dose (0.005 mg.), than in the highly hypersensitive patients, who 
react to 0.00002 mg. dose, suggests a difference in specificity of the different frac 
tions for these two types of persons. A study on BCG-vaccinated persons may, 
therefore, be profitable. Such a study is under way 

The relatively high potency of the products isolated from the bacillary bodies, 
such as lot No. 109 (B IL) and lot No. 109 (B Id), suggests that further study of 
such fractions may be profitable, especially since the fractions isolated from the 
culture filtrate of the same culture were less potent. Moreover, the method here 
used for isolating this protein is simple and readily yields considerable quanti 
ties of the protein in relatively pure and potent form. Any denaturing effect that 
the urea may have had on the protein, as, possibly, a change in solubility, ap 


parently has not significantly lowered the biologie potency of the protein. Bacil 
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lary proteins have been extracted previously from tubercle bacilli by a number 


of workers: Heidelberger and Menzel (23), Grénwall (24), Heckly and Watson 


25), and by Baldwin, Gilbert, Iland, and Jones (26). The method used in the 


studies here reported was essentially that of the latter group. Some of these in 


vestigators indicated that a very potent product was obtained, but no critical 


study of the tuberculin potency in humans has so far been made with any of 


their bacillary products 


SUMMARY 


\ series of unheated tuberculin filtrates have been fractionated. and vields 


and chemical analyses of the proteins isolated from them are given. In addition, 


a highly potent protein was isolated in relatively pure form by urea extraction 


of the bacillary bodies 


A number of different proteins were identified. These were grouped in classes 


according to their solubilities and speed in electrophoresis: A, a soluble but 


“slow” protein; B, a soluble and “fast”’ protein; ©, an insoluble and ‘fast’ pro 


tein; and glycoprotein containing a soluble, “slow.” and = carbohvdrate-rich 


Traction 
Proteins with these properties could be isolated from tuberculins of different 


strains of tubercle bacilli even when different methods were used. The amounts 


of the different proteins isolated, however, varied in the different fractionation» 


The amino acid, a-e-diaminopimelic acid, which rarely oceurs in nature, but 


which has been found characteristically in certain mycobacteria. was found to 


be abundant in the glycoprotein fractions and present to a slightly less extent 
in the A proteins. Less was found in the B protein, PPD-S, and bacillary pro 


teins, and only traces or none at all in the C proteins 


The tuberculin skin potency tests of these fractions indicated that the ¢ type 


of protein was considerably less potent than the standard PPD-S. The A and B 


types of protein differed less from PPD-S. The extent of difference varied in 


patients w ith different degrees ol hypersensitiy itv 


SUMARIO 


lislamiento, Identificacion y Clasificacion de las Proteinas de la Tuber nau del 
Bac tlo 7 the 


Una serie de filtrados sin calentar de tuberculina fué fraccionada © presentan lo 


rendimientos y andlisis quimicos de las protefinas aisladas de los mismos. Ademdé © 


una proteina muy potente en forma relativamente pura por extraceién con urea de low 


cuerpos bactlares 


Se identifiearon varias distintas proteinas que se agruparon en clases de acuerdo con su 
solubilidad y velocidad en la eleetroforesis: A, proteina soluble pero “lenta protefna 
soluble y “‘veloz"’; C, proteina insoluble y “veloz Zlucoproteina que contiene una fra 
enn soluble, “‘lenta rica en hidratos de carbono 

Aun usando distintas téenicas, pudieron aislarse proteinas dotadas de esas propredade 
de tuberculinas de diversas cepas de bacilos tuberculosos. Sin embargo, variaron las canti 


dades de las distintas proteinas aisladas en las diversas fraccionaciones 


Acido aminico, Acido diaminopimélico, que rara vez se observa en la naturaleza 


pero que se ha encontrado tlovamente en crertas micobacterias. se obser vo en abumlaneia 


en las fraeciones de glucoprotefna y estaba presente en grado algo menor en las protefnas 
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A. menos en ta proteina en en las proteinas bacilares ipenas habia 


indicios oO no existia en las proteinas ¢ 

Las pruebas de la potencia cutdénea de la tuberculina de estas fracciones indiearon que 
la proteina de tipo C era mucho menos potente que el PPD-S standard. Los tipos A hs 
de proteins diserepaban menos del PPD-S. La magnitud de la diferencia variaba en enfermos 


dotados de listintos «be hipersensibilidad 


KESUME 


laolement lentification ef classification des protides de la tuberculine et du 
hacille tuberculensz 


Une série de filtrate de tubereuline non ¢ hauffés a été fractionnée: le rendement et 


lyse chimique ce protéines molées des filtrats sont exposés. De plus une protide extréme 


ment aetive a sous une forme relativement pure par extraction de lurée des orpes 
bacillaires 

tn certain nombre de protéines différentes ont été identifiés Elles ont été groupées 
par classes selon leur solubilité et leur vitesse A rophorése une protéine soluble 
“lente une protéine soluble et spide”’; une protéine insoluble et ‘1 ipide”’ 


D, une glueoprotéide contenant une fraction soluble “lente” et riche en glucide 

Des protéines possédant ces propnétés pouvaient étre isoles de la tuberculine extraite 
de différentes souches du bacille tubereuleux. méme lorsque des procédés différents étaient 
Utiliaés. Toutefois, les quantités des différentes protéines isoles variaient dans les différents 
fractionnement 

aminé, acice diamimopimélique, qui existe rarement A l'état: naturel, mais qui 
découvert dans certaines mycobactéries. a été trouvé en abondanee 
(ans les fractions glueoprotéides, et un peu moins abondant dans les protémes A. Il y en 
ivalt moins dans les protéines B., PPD-S, et dans les protéines bacillaires; dans les pro 
téines Coil n en avait que des traces ou pas du tout 

Les tests cutanés A la tubereuline effectués avee ces fractions indiquaient que la pro 
téine du type ¢ était beaucoup moins active que le PPD-S standard. Les protémes du 
type A. et différaient moins du PPD S. L’éeart variait « hez les différents malades selon 
le degré de leur allergie 
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ENERGY COST DURING VARIOUS PHYSICAL ACTIVITIES IN 
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Regulation of physical activity is an important principle in the management 
of chronic disease. It applies permanently to conditions in which the distribu 
tion, diffusion, and transport of oxygen are defective, with consequent diminu 
tion in work capacity. Regulation of activity may be advisable in convalescence 
when, after prolonged bed rest, deterioration of cardiovascular, respiratory, 
neuro-museular, and other physiologic functions (“deconditioning”) temporarily 
renders the subject unfit for physical activities ordinarily undertaken without 
difficulty. Grading of stress is still part of the recently enhanced armamentanum 
for the treatment of tuberculosis, for it is widely accepted that untimely and 
uncontrolled physical activity may adversely influence the disease. In spite of 
the widespread use of this principle, however, little information is at hand to 
define in specific terms its practical application to the patient. All too often, 
control of physical activity is exercised by the vague admonition to “take it 
easy,”’ thus erring on the lax side; or by overly severe restriction, which, although 
erring on the safe side, brings in its train undesirable psychological reactions 
It is pertinent, therefore, to inquire into methods whereby physical stress can 
be selected to fit with some degree of approximation the tolerance of a particular 
patient 

Stress in this context depends on two mutually related factors: the poor physi 
cal fitness of the patient and the increased metabolic demand. Unfortunately, 
fitness or tolerance to work cannot be readily estimated by the physician, be 
cause it is a resultant of many individual physiologic and psychological factors 
On the other hand, the approximate demand of any activity can be readily de 
fined in metabolic terms, ie., the energy expanded to accomplish it. In this 
sense, work implies two components, intensity and duration. In any environ 
ment, duration can readily be controlled by prescription. The intensity factor 
for many different activities can be established easily by measuring the rate of 
oxygen consumption during their execution. While, admittedly, the usefulness 
of such data to estimate stress may be limited, yet, in conjunction with other 
clinical knowledge, they may contrilute to a decision regarding the wisdom of 
allowing a given activity for a patient. On this basis, one of the present writers 


working with normal subjects has already carried out determinations of working 


metabolic rate during various tasks applicable to tuberculous and other pa 


‘This study was aided by a medical research grant from the Ohio Tuberculosis and 
Health Association, administered through the National Tuberculosis Association 
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tients (1). Another investigation has recently added to these data (2). The 


present paper is concerned with the accumulation of similar observations in 


actual patients with tuberculosis 


METHOD 


Thirty-nine male patients were used, all with tuberculosis which had been noninfectious 
for four to six months. Most of the patients had received antimicrobial therapy and, in one 
third of the group, various degrees of lung resections had been performed. All had been 


assigned to the rehabilitation ward and were engaging in physical activity for two to four 


hours daily. The patients’ disease was classified on admission according to severity: one as 


minimal, 23 as moderately advanced, 14 as far advanced, and one as primary complex. Of 


more importance to this study, a record was kept of the time elapsed from resumption of 


some ambulatory activity by the patient to the day of the experiment. This was done to 


ascertain whether rates of working oxygen consumption of persons doing the same tasks 


varied according to their state of “‘deconditioning.”’ Of the 39 patients, 20 had assumed some 


degree of physi al activity for three to nine months. Three had had two months or leas; 7 


ten months or more of physi il activity 
The choice of workshop tasks from available facilities was further restricted by a limita 


tion imposed by the nature of the measurements, viz., the approach to a steady state during 


the determination of oxygen uptake. While this ideal cannot be achieved, it ean be approxi - 

mated if the task consists of one motion pattern or a series repeated many times during the 

experiment In this light one can speak then, of an aver ge oxygen uptake Available tasks 

falling within this requirement were few, and four were chosen: rug-hooking, copper-tooling, 

sewingona pedal driven machine, and chisel-carving. In addition, these activities were jyusti 

fied by the fact that they are common to most sanatoriums 7 
Rug hooking was accomplished by means of an “automatic yvarn-feeder,”’ which vis 

repeatedly thrust through the weave of the cloth along the outline of a design. The pace 

was set at thirty to forty strokes per minute, Copper-tooling consisted of pressing a copper Z 

foil with an appropriate tool around a predetermined design; the patient was allowed to ; 

set his own optimal rate of work. At the sewing machine, straight lines six inches long were 

successively stitched five times per minute, At the end of each line the machine was stopped, a 

the material moved to the beginning of the next line, and the eyele repeated. Thus, the 7 

work consisted of two motion patterns interrupted by a short pause; but, since at least a 


fifty such eveles were repeated during an experiment, the results tended to approximate an 


average. These three tasks were all done in a seated position, The fourth task consisted of 


carving a design in relief out of pine wood with mallet and chisel. Working in a standing 


position, the patient was allowed to achieve his own pace 


Because in a previous study the oxygen uptake during showering was found to be rather 


high (1), the metabolic cost of this activity was also determined. The temperature of the 


water was taken frequently during the shower and ranged from 32° to 38°C. To ensure the 


collection of an adequate amount of expired air (90-120 L.), the subject completed several 


showers during one session. In this way, although the motions were dissimilar, at least 


several cycles contributed to an over-all value 
Twenty-five experiments on the four workshop tasks and ten on showering were per 


formed. Because of the turnover on the ward, the population in each of the four workshop 


tasks was not identical. Oxygen consumption was determined by the open-circuit method 


the details of which have been presented in a previous publication (1). The samples of 


expired air were corrected to standard pressure at both 0° and 37°C. to give pulmonary 


minute volume at both temperatures. The value at O°C., was used to find oxygen consumption 
per minute (SPT, dry). Respiratory rates, counted during the collection period (except 
during showering), along with pulmonary minute volume at 37°( illowed caleulation of 


average tidal volume at body temperature. Results were expressed in terms of per cent rise 


of working over basal oxygen uptake, and ec. of oxygen uptake per minute per kg. Oxygen 
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TABLE 
Constmetion ror Vanious Tuerary Tasks, 
1’ Teams or Pew Cent Kise Oven Basar Coste Centimeters Per 
Work 


Per Kitouram 


Hook ing Copper Tooling ewing Machine 


per Min Per Per ¢ wr Mis Per ‘ " 
per Ke Cent ork Cent per Ke Cent per Ke 


Mean $5 1.65 5.09 7 6.01 7.05 
Kange 1563.45 6.00 4-105 4.46-7 08 54-114 4.89-7 27 51-191 5 06-8 82 
74 16 0.06 a 105 


0.76 


Standard deviation 


ad been 


debt due to showering was also measured: After a suitable volume of expired air h 


collected during seated rest and then during showering (subsequent to a three-minute 


preliminary workout), the subject was immediately seated again and expired air was ob 


tamed successively at minute intervals (or less if pulmonary minute ventilation was high 


for three minutes to determine the oxygen uptake during the reeovery period 


RESULTS 


Basal metabolic rate: All subjects showed basal metabolic rates within normal 


limits, as observed oxygen uptakes agreed within plus-minus 10 per cent of the 
Dubois standards Multiple determinations in the same subject also showed good 


agreement. Of 27 patients on whom two to four determinations of basal meta 


bolic rate were available in each case, in 25 instances the deviation from the 


mean ranged from 0 to plus-minus 10 per cent; in 18, plus-minus 6 per cent or 


less. In 4 the deviations fell between plus minus 12 per cent and plus mints 


per cent 
Working oxygen uptake: In table | the data on twenty-five experiments in each 
of the four occupational tasks are listed. As expected, rug-hooking, which in 


volves mainly wrist motion, exhibited only a slight rise (mean, 35 per cent) over 


basal. This value may be expected to be even slighter in the reclining position, 


since sitting itself involves a rise over basal of 17 to 25 per cent (3, 4). However, 


individual variations were large, as evidenced by the values for standard devia 


tion and range. Furthermore, duplicate experiments yielded substantial devia 


tions, In 3 subjects in whom repeat experiments were done within a few days 


of each other, the following variations were found: 68 and 40 per cent (plus 


minus 14); lO and 35 per cent (plus-minus 13); 38 and 31 per cent (plus-minus 4 


Copper-tooling (table 1) yielded a mean rise in oxygen consumption above 


basal of 66 per cent, with a spread of 30 to 105 per cent. Deviations in duplicate 


experiments in 2 subjects were 58 and 3O per cent (plus-minus 14); 77 and 91 


per cent (plus-minus 7). In 5 healthy occupational therapists performing the 


same task, one of the present writers found a mean rise of 41 per cent, with a 


range of 27 to 50 per cent (1). Apparently, in subjects familiar with and, per 


haps, interested in a task, economy of work is of a higher and less variable order 


The mean rise in working oxygen consumption of 77 per cent for a pedal 


driven sewing machine (table 1) was only moderate, compared with that of 


copper-tooling, even though the lower extremities participate in the former task 
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The effect of inertia of the wheel and the small requirements made of the upper 


extremities in sewing apparently led to comparatively low physiologic demands 


Except for one patient, individual deviations from the mean were moderate: 


standard deviation, 16: spread, 33 to 114 per cent (table | In one duplicate 


observation the difference Was similar to those of rug hooking and copper tool 
ing: 63 and S4 per cent (plus-minus 11 

Of the workshop tasks, the highest metabolic cost was related to chisel-cary ing, 
during which fairly vigorous movements of the upper extremities were made in 
the standing position. The mean rise of 100 per cent is also associated with a 
standard deviation of 20 and an enormous range of 51 to 191 per cent (table 1) 
If one aberrant value of 191 per cent is eliminated, a more nearly accurate pie 
ture may be obtained. This correction is justified because the patient, not only 
was tense, but worked harder, having chiseled the wood to a deeper level than 
any of the others. The data then become: mean rise, 06 per cent; range, 51 to 
149 per cent; standard deviation, 22 

Although the mean values of oxygen uptake in the four tasks form a progres 
sion series corresponding to the mass of active muscle, adjacent members of 
the series overlap to a considerable degree. The statistical mean offers only a 
rough prediction of the actual metabolic cost in an individual 

The wide individual scatter about the mean was also apparent in the shower 
ing experiments (table 2). The per cent rise in oxygen uptake over basal ranged 
trom 184 to S81 per cent. These values substantiate previous findings on 5 normal 
subjects who exhibited rises of 242 to 377 per cent above basal (1). In spite of 
the wide deviations, the fact remains that this activity was accompanied by a 
high observed oxygen uptake. Even then the results did not represent the full 
oxygen requirements tor two reasons: maximal oxy gen uptake per Thinute asso 
cated with a steady state had probably not yet been reached during the actual 


recording period, since the preliminary warm-up lasted only three minutes 


TABLE 2 


OXYGEN CONSUMPTION AND Dent IN 
‘ er Mis Basa 

J_R 15. 2s 151 min 
E. JS! 14.18 1.21 2.75 min 
Jb 1 00S 13.05 min 
SIS 207 12.20 mon 
278 121-4 min 
713 244 05 oul min 
Ist 9 42 07L-4 min 
Is4 s 10 oat min 


Mean 11.43 


a 
| 
| 
+ 


72 GORDON ASD HAAS 


second, a measurable oxygen debt, discharged in three to four minutes, was 
found as a result of this activity (table 2). 

From table 2 the magnitude of the oxygen debt from showering appears to 
be roughly proportional to the order of rise in metabolism. An even better 
correspondence is evident when related to working oxygen consumption in 
cubic centimeters per kilogram per minute. However, this size of debt probably 
does not pertain under usual conditions. It is to be remembered that for experi 
mental purposes the total period of showering lasted approximately eight min- 
utes, and this prolongation might have favored the accumulation of any oxygen 
debt considerably above that found under ordinary circumstances. Nonetheless, 
the intensity of work associated with showering, no matter how short the dura 
tion, is much higher than any of the occupational tasks tested, and even then 
the observed oxygen uptakes represent an estimate which errs on the low side 
for the two reasons mentioned. 

Respiratory data; In convalescing tuberculous patients, large increments in 
depth of respiration may be inadvisable because of adverse effects upon bronchial 
ulceration and healing cavities. In a limited number of experiments presented 
in & previous communication, increments in tidal volume above 20 per cent ol 
basal were found when the rise in working oxygen uptake exceeded the basal 
metabolic rate by 60 per cent. This relationship was not verified in these one 
hundred experiments on four occupational therapy tasks. In fact, a correlation 
between increments of working tidal volume and oxygen aptake could be dis 
cerned neither in individual members of each group nor in group averages 
Absence of parallel between tidal volume and intensity of work is not surprising, 
as a reciprocal relationship is often found between tidal volume and respiratory 
rate. Hence, a much better index of ventilation is the pulmonary minute ven- 
tilation. 

In each work group the degree of rise in pulmonary minute ventilation could 
not be predicted from the change in working oxygen uptake. Correlation co- 
efficients and probabilities of significance were found to be of a low order except 
for copper-tooling, in. which values were 0.55 and less than | per cent, respec- 
tively. These calculations merely indicated a great variability of respiration 
under the experimental conditions, although it is well-known that within cer- 
tain limits a change in metabolism produces a proportionate change in ventila- 
tion. Indeed, such a relationship could readily be demonstrated when group 
averages in the five tasks were ranged in ascending order of working metabolism: 
per cent rise of oxygen uptake —33, 66, 77, 06," 264; per cent rise of pulmonary 
minute ventilation 35, 70, 66, 87, 204. It appears from these experiments, 
therefore, that undue mechanical stress on the lungs in workshop tasks is not 
consistent, particularly since tidal volume does not usually follow the magnitude 
of change in metabolism. Only showering, with a mean rise of 204 per cent in 
pulmonary minute ventilation, appears to deserve some concern in this con- 
nection 
Influence of modified bed rest: Deterioration in physiologic functions are recog- 


* Corrected according to explanation presented above with respect to wood-carving 
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nized to set in during au“ period of prolonged bed rest (5). In convalescence, the 
evidence of such deterioration during work is much more difficult to obtain (G) 
Therefore, it was thought interesting to ascertain whether the length of the 
period from strict bed rest to the day of the experiment Was related to the mag 
nitude of rise in oxygen uptake in a given task. Such a correlation has not been 
found in patients following a short acute illness (6) Referring to the data on 
showering (table 2), patient P.B. exhibited the lowest response (184 per cent 
although the time from strict bed rest was one month; and patient Kk. L., with 
three months elapsed time, represented the highest rise observed (381 per cent 
Conversely, patient G.S., who had been on modified bed rest for twelve months. 
showed a relatively low oxygen uptake (202 per cent); and patient L. Ro, on 
eleven months’ physical activity, a large oxygen uptake (278 per cent 

If differences due to “deconditioning” could be detected by the method used, 
a stressful activity such as showering would be more likely to bring them to 
light. The other activities tested also failed to reveal any correlation between 
the order of rise in oxygen uptake and the length ot time trom striet bed rest 
There is the possibility, however, that, if such a relationship existed, it might be 


discernible only within a very short time after resumption of physical activity 


DISCUSSION 


The rather large individual variations within each activity tested in the 
present study are inherent in biometrics of this kind. Aptitude and training may 
determine to a certain extent the rhythm, rate, and intensity of museular move 
ment. When these two characteristics are present to a small degree, waste motion 
is not only favored, but more variable. Thus, in a previous investigation in which 
occupational therapists worked on copper tooling, the difference between maxi 
mum and minimum Was only approximately one-half that found here. In addi 
tion, the increment in energy expended in terms of oxygen consumption was lower 
as mentioned above 

Another factor influencing variation in oxygen uptake appears to be the na 
ture of the task itself. The progressive increase in metabolic work as the subject 
goes from rug-hooking to showering, in general, is associated with increasing 
magnitude of variation from the mean. However, tasks such as rug-hooking and 
sewing, Where rate of work was controlled, show smaller deviations Operations 
without precise regulation and involving larger muscle masses may favor w der 
Variations in motion patterns and, consequently, in metabolic work. This is 
actually another way of saying that training is important and results in economs 
of work. Nonetheless, the large variations in a given task do not vitiate the 
study, because it was of interest to assess the metabolic expenditure of patients 
in realistic situations and not under ideal conditions 

In addition to individual differences, the limitations ol methodology also 
make for variability of results. Measurement of oxygen uptake implies the 
achievement of a steady state. Such an ideal was only approximately attained 
in the three-minute preliminary workout prior to the actual collection of ex 
pired air. During the collection period it is likely that there existed in the various 
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subjects differing degrees of deviation below the maximum steady oxygen up 
take possible for a particular activity. Another uncontrollable metabolic event 
arises from the fact that, if oxygen debts had accrued, particularly in the tasks 
involving increments of LOO per cent or more, then the determined oxygen up 
take did not eX Press the total energy expenditure 

These two physiologic characteristics, steady state and oxygen debt, represent 
inherent limitations erring on the low side; but the derived data fix at least a 
minimal level of energy expenditure. On the other hand, lack of a good degree 
ol traming in a task may have tended to influence the results in the opposite 
direction. Deterioration of physiologic functions due to previous bed rest did not 
appear to affect the results obtained 

Due to such spreads, the four workshop tasks, when considered individually, 
overlap to a considerable extent. For example, the lower limits of machine 
sewing and chisel-carving include the upper limit of copper-tooling. For this 
reason, even if it were advisable to do so, a table relating various tasks with the 
order of oxygen uptake cannot be used as an “energy pharmocopeia.”” The pur 
pose ol these data is only meant to afford some idea of the degree ol stress im 
posed by various tasks and to aid the elinician in more realistically preseribing 
activities in these terms. Specifically, it would seem contradictory to allow a 
patient to shower and yet deny him some simple operation in bed, such as rug 
hooking. In line with this concept, it is emphasized that the data presented are 
related to intensity of physiologic effort rather than the total amount of work 
done. Showermg itself may take two or three minutes and will contribute an 
insignificant amount to the total daily expenditure; yet the relatively high in 
tensity of physiologic stress engendered even for a short time may exceed a 
certain critical level above which injury may ensue. Incidentally, these findings 
can be applied as well to patients with limited cardiac and pulmonary reserve 
in Whom the work capacity below the limit of dyspnea is known in terms of 
oxygen uptake 

Variable as the results are, such studies are still superior to assessment of 
severity of work by inspection. For example, carving with chisel and mallet in 
the standing position gave an average increment of energy expenditure ot 100 
per cent. In twelve occupational therapists who were chisel-carving in a seated 
position without benefit of mallet, the average rise was 122 per cent (1). Doubt 
less, the latter value would have been even higher if derived from patients. Yet, 
by kinesiologieal deduction, as usually done, one would probably have ascribed 
higher energy expenditure to the former type of task. Apparently the high degree 
of tension developed in muscles in order to direct the instrument deep into the 
wood and yet maintain the necessary control without a mallet makes even a 
larger metabolic demand than the foree developed in manipulating one, even 
though a larger muscle mass may be involved. Pure kinesiological observation 
can take into account merely the general musculature used and not the intensity 
of museular contraction. Only oxygen consumption measurements are capable 
of grading the severity of physiologic work 
This statement is also borne out by the results obtained during showering 
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They are a source of surprise to many because they are higher than expected 
purely from inspection. However, a moment's thought will reveal that all the 


musculature of trunk and limbs contribute to the work. Moreover. the fact that 
magnitude of energy expenditure is considerable is indicated by the contraction 
of rather large oxvgen debts Indeed. us has already been discussed in the fore 
going, the values derived probably represent an underestimate of the energy 
cost of showering. Incidentally. from the point of view of work physiology, it is 
ol interest that an activity requiring an oxygen uptake to LOOO is vet 
associated with a measurable oxygen debt. Evidently. even moderate Intensities 
ol physiologic demand require at anaerobic settlement 

That the temperature of the water can play a significant part in the observed 
rise ol oxygen uptake in showering is controverted by the following facts a 
metabolism rises only 7 per cent with I’F. rise of body temperature bh) the 
body temperature probably did not rise to the upper limit of the water tempera 
ture (38°C’.); (¢) even if it did, only 14 per cent could be attributed to the final 
results of 184 to 3S] per cent 

No conclusions can be reached relative to the me hanical effeet of ine reased 
ventilation upon the lungs, as the results were too variable. At any rate. it may 
he presumed that in rensed oxvgen uptake Is lated generally with increased 
respiratory activity 

In the enthusiasm engendered by new surgical methods and antimicrobial 
drugs, the physician tends to drive hard for laboratory negativity with litth 
attention to physical stress, deemed so important only recently. It is the writers 
opinion that supervision of physical stress is still necessary in the management of 
the tuberculous patient Admittedly, no tangible evidence is vet ay ailable de 
scribing the adverse influence of exertion upon the healing or stabilized foeus 
Nevertheless, in the past filtv vears follow up studies have allowed the obs rver 
to suspect uncontrolled physical activity in the mechanism of recurrence. and 
at present, there is no body of knowledge to justify rejection of this concept 
Indeed, precisely because of this clinical suspicion, itis sounder practice to honor 
than to violate the doubt and to continue to use caution. For this reason “ny 
method is desirable vhich contributes to the control of stress by more ace tirnute 


dosage of physical activity 


St 


testriction of physical Stress plays a role in nanaging chrome disease vet 
practical methods for matching this to the patient's tolerance are not available 
One useful criterion may be the metabolic intensity of a given physical activity 
In this light several occupatronad therapy tasks and shower w have heen a 
sessed in 39 convalescing tuberculous patients in terms of oxygen uptake 

Although individual variations *n a given activity were large, a general iden 
of the magnitude of oxygen uptake has been afforded in rug-hooking, copper 
tooling, Sewing on a pedal driven mac hine, chisel-cary ng with mallet and show 
ering. The mean values progress in the order stated. With the last named aetivity 


taking a shower, a measurable oxygen debt has been found 
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Effects of work on pulmonary minute volume and tidal volume were irregular 


and showed no correlation among subjects in a given task. However, the average 


increments of oxygen uptake for the five activities paralleled those of pulmonary 


minute volume 


SUMARIO 


Coste de la Energia Durante Varias Actimdades Fisicas en loa Tuberculosoa Convalecientes 


La limitacién del esfuerzo fisico desempeha un papel en la asistencia de las enfermedades 


eronieas sin embargo, no se cuenta con métodos précticos para ajustarla a la tolerancia 


del enfermo. Una pauta Gtil tal vez sea la intensidad metabélica de cierta actividad fisica 


dada. Desde ese punto de vista, se han justipreciado varias tareas de ergoterapia y bafios 


de ducha en 39 tuberculosos convalecientes en términos de toma de oxigeno 


Aunque fueron considerables las variaciones individuales en una tarea dada, se obtuve 


una idea general de la magnitud de la toma de oxigeno en el tejido de alfombrillas, labrado 


en cobre, costura en mAquinas de pedal cincelado con mazo \ baflos de ducha Los valores 


medios suben en el orden expuesto. En el dltimo renglén se observé un déficit mensurable 


de oxigeno 
Los efectos del trabajo sobre el volumen pulmonar por minuto y el volumen corriente 


sin mostrar correlacién entre distintos individuos en una tarea dada 


fueron irregulares 
Sin embargo, los incrementos medios de la toma de oxigeno para las cinco tareas fueron 


paralelos a los del volumen pulmonar por minuto 


KESUME 


pense nergie au course de diverses ac tivilés physiques che les tubercule ur convalescents 


La restriction de la fatigue physique joue un réle dans le traitement des affections chro 


iques, toutefois, les méthodes permettant de les équilibrer par rapport a la tolérance du 


malade font défaut. Un eritére utile pourrait étre l'intensité du métabolisme dans une 


activité physique donnée. Dans ce but diverses formes d’exercices de rééducation et pre 


nant une douche ont été preserite et mesurés en termes de consommation d'oxygéne chez 


39 tuberculeux, stlescents 
Malgré l'existence d’importantes variations individuelles pour un exercice donné, une 


idée générale de la valeur de la consommation doxygene a été obtenue dans les travaux 


suivants: tissage de tapis, martelage du cuivre, travail A la machine A coudre A pédale 


sculpture au ciseau A l'aide du marteau et prendre une douche. Les valeurs moyennes au 


mentent graduellement dans l'ordre indiqué. Dans prenant une douche on obtient un déficit 


d’oxygine mesurable 
Lés effets du travail sur le volume de ventilation par minute et sur le volume de l’air 


courant étaient irréguliers et sans corrélation lorsqu’ils ont été étudiés chez des individus 


Toutefois les incréments moyens pour la consommation d’oxy 


exécutant un travail donné 
gene, dans ces cing formes d’activité, étaient paralléles au volume de la ventilation par 


minute 
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STUDIES ON THE STABILITY OF ISONIAZID 


LDWARD LEWIN? ano JAMES G. HIRSCH 


tecenved for publication November 15, 1954 


INTRODUCTION 


Isoniazid is generally considered to be a relatively stable compound, For 


example, when solutions of isoniazid in liquid culture media appropriate for 


tubercle bacilli are sterilized in the autoclave, no detectable diminution in the 


antibacterial activity of isoniazid results. Recent observations indicate, how 


ever, that the stability of isoniazid is intimately related to the chemical com 


position of the environment and that isoniazid may be destroyed on exposure 


to heat or to oxidizing agents under certain conditions. This communication 


presents the results of experiments dealing with factors found to influence the 


the stability of imonimzid in vitro 


MATEMIALS AND METHODS 


Colorimetric teat: Short has recently deseribed a colorimetric method for the determin 


tion of isoniazid in serum (1 After protein precipitation and addition of sodium hydroxide 


color is obtained employing the reagent 1,2 naphthoquinone 4 sulfonic acid. A modifies 


thon of Short method developed in this laborator has proved satiaf wtor for the deter 


mination of monazid in protein free solutions. Ten milliliters of the sample were pipetted 


intoa Pyrex tube. Then. 4 ml. of distilled water. 2m 


of percent aqueous 


solution of 1,2 naphthoquinone t sulfonic acid, and 4 ml. of N/2 sodium phosphate were 


vided in that order. The tubes were allowed to stand in the dark for one half hour to per 


mit deve leoponnae nt of the color and then read in a Coleman Junior spree trophotome ter at 455 


my, using appropriate blanks. As the concentration of isoniazid was not directly propor 


tional to the optical density, values were read from a calibration curve, prepared from 


solutions of known concentrations of moniazid. Results were reported to the nearest 0.5 


per mil 
Liquid medium: The base medium’ used was that of Dubos and Middlebrool 


2) and had the following composition 


Na HPO, 12H 0.65 per cent 
KH.PO, per cent 
Aspar igine ov per cent 
hydrolysate of casein (N-Z Amine, Ts pe Shetheld per cent 
Ferric ammonium citrate 0.005 per cent 
CaCl O.00005 per cent 
MgS0), 7 HW O=.001 per cent 
Ww) O.00001 per cent 


These ingredients were dissolved in distilled water, the pH was adjusted to 6.5 to 6.8, and 


bovine albumin (fraetion \ glucose, and Tween” SO were added as indicated in the par 


ticular experiments, The distilled water used in various tests was obtained from a Barn 


stead steam still equipped with bloeked tin liner and t Lips 


tutoclaving: Autoclaving was for fifteen minutes at 15 pounds of pressure (121 ¢ 
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While emploving the colorimetric determination for isoniazid described above, 


it was observed, by chance, that isoniazid was apparently destroyed when 


autoclaved in aqueous solution. Because of this observation, further investiga 


tion was undertaken 


Influence of pil on the Heat Stalnlity of lsoniazid Solutions E 

Phe imitial studies were concerned with the effect of variation in pH on the : 
heat stability of isoniazid 
Three tubes were prepared each containing Loiml. of isoniazid solution (50 peer i 


ml.) and 7 ml. of distilled water. One ml. of 4 per cent KH.PO, and Limi. of 3 per cent 


Na HPO, 12 HO were added as follows: To one, the monobasic phosphate before auto 


claving, the dibasic after (solution autoclaved at pil 1S): to a seeond booth 
solutions added before autoclaving (solution autoclaved at md toa third, the 
before iutoclaving the monobasic alter solution autoclaved at 


pHs). All solutions had a final pH of 6.5 with an initial concentration of 5 5 of isonia 


per mil 


The results of colorimetric analyses, given in table 1. were as follows: In the 


solution autoclaved at pH SS, 90 per cent of the isoniazid initially present had 


disappeared when the isoniazid Wits autoclaved in solution at pll 6.5. an SO 


per cent loss occurred; and in the solution autoclaved at pll 4.8, the isoniazid 


appeared to be almost completely stable. Solutions prepared as in the above 


experiment were also examined for residual isoniazid by 


As deseribed above, serial dilutions of each of the three solutions of isoniazid. auto 


claved at pli 18.6.5, and SS respectively were made in aluminum ipped tubes. To 


Iml. volumes of these dilutions were added 4 ml. of “base medium’ containing 0 5S per 


cent albumin, 0.5 per cent glucose, and 0.05 per cent Tween” SO. The tubes were then 


inoculated with a 10°* final concentration of a fully grown Tween” albumin culture 
tuberculoss ind incubated at 


of BCG Phipps (bovine attenuated strain o 


for a period of seven days 


(As is shown in table 2, the values for residual isoniazid concentrations after 


autoclaving, as determined microbiologically, were well correlated with those 


obtained by the colorimetric method. The isoniazid solution autoclaved at un 


alkaline pH] showed at least a tenfold decrease in antibacterial activity, and 


TABLE 1 


oF Tsontazip av Vantous or pH 


15 


6.5 10 


nautoclaved control 


* All solutions initially contamed 5 y of isoniazid per ml 


733 
tin PP ste Bufler Aut ed at pit 
per ” 
os 


LEWIN 


AND 


TABLE 2 


Heat Stasiary oF at Vartous Rances or pH 


Tubercle Ba 


Initial Concentration of Isoniazid 


(Before Autoclaving 


Isoniazid Solution Isoniazid Solution 
6 


Autoclaved at pH 48 Aut ed at pH 


perm 
0 
0 
0.0% be he he in 
0.0725 
0.000 


* Amount of growth graded from 0 (no growth) to +444 growth equal to that in 


medium containing no drug 


that autoclaved at neutral pH showed a fivefold decrease when compared with 


the solution placed in the autoclave at an acid reaction 


It was further found that the alterations in isoniazid which resulted from 


heating at neutral or alkaline reactions were not reversed by subsequent acidi 


freation 


Studies of Certain Substances Which Render Isoniazid Stable to Heat 


As stated in the introduction, isoniazid is generally considered to be heat 


stable. For example, it may be autoclaved in culture media at pH 6.8 without 


detectable loss of activity. The stability of isoniazid when autoclaved in cul 


ture media, in contrast to its instability in simple aqueous solutions, suggested 


that some substance or substances present in media might render isoniazid 


stable to heat. The following experiment was designed to determine if such 


were true 


Using the liquid medium deseribed under Materials and Methods as « guide, three 


solutions were made as follows: a solution containing the mineral salts in the medium 


ferric ammonium citrate, magnesium sulfate, calcium chloride, zine sulfate und 


copper sulf ite i solution oft isparagine und a solution of enzymatic hvdrolvsate of 


casein. All solutes were dissolved in phosph ite buffer (0.65 per cent Na HPO, 12 HO 


and O.1 per cent KH,PO,) adjusted to pH 6.7, and all coneentrations were tive times 


that in the final medium. Thus, one volume of each of the three solutions when added 


to two volumes of buffer or water resulted in essentially the “base medium.”’ Serial 


dilutions of isoniazid were made and OS ml. of the above solutions was added to each 


tube prior to autoclaving, as shown in table 3. The remaining constituents necessary to 


make the complete base medium were sutoclaved me pur itely and vdded ime ally 


(jlucose and albumin, final concentrations 0.5 per ee nt, were included. No Twee n°” was 


used. Inoculation was made with a 10°? final concentration of a fully grown Tween" 


albumin culture of the BCG Phipps strain of M. tuberculosia Readings were made 


after incubation for eleven days 


The results, presented in table 3, indicate that isoniazid was completely 


stable when autoclaved, not only in the complete base medium, but alse in 
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TABLE 3 


‘BILITY OF Tsontazip Wuen Avroctavep with Various Componenrs 


or A STANDARD Liquip Mepium 


(srowth of Tubercle Ba 


Substances Below Added t ms Before Auto« 


azid Solut 


Phosphate 
Buffer* Or 


0. 0 0 +4 4. 4 


0.125 
0.064 


t Amount of growth graded as in previous experiment 


solutions contaming either asparagine or enzymatie hydrolysate of casein 


Furthermore, the solution of mineral salts partially protected the isoniazid 


from destruction in the autoclave. It was noted that the mineral salt solution 


contained a low concentration of citrate (as ferrie ammonium citrate Thus, 


all groups of substances which stabilized isoniazid included at least one poly 


basic organic acid 


The next step, therefore, was to study the effect on the stability of isoniazid 


ol several organic acids in addition to those contained im the medim. Color 


metric determination of isoniazid autoclaved in solutions of organie acids gener 


ally proved unsatisfactory because of interfering colors produced by some of 


the organic acids. However, oxalic acid, which gave no intertering color, appeared 


to stabilize isoniazid. For investigation of the stabilizing effect on isoniazid 


solution of the other organic acids, biologie assay was employed 


Serial dilutions of isoniazid were made in order to eld, in a volume of O05 mi 


concentrations ten times higher than those listed in the table. Five tenths of a milli 


liter of O17 per cent solutions of the substances indicated in table 4 were added ter the 
05 ml. volumes of the isoniazid dilutions, the tubes were tutoclaved, and 4 ml. of 
stenie base medium were then added wmepticalls A final concentration of 0.1 per cent 
Hbumin was used Glucose concentration, inoculum ind incubation time were as in the 


previous experiment 


The results given in the upper portion of table 4 show that citrate as well as 


the three amino acids used in the experiment, glycine, lysine, and aspartate 


prevented destruction of isoniazid in the autoclave, whereas acetate and sucei 


nate had no such effect 


The data presented in the bottom portion of table 4 are derived from experi 


ments performed to determine whether the loss of antibacterial activity in the 


= 
Isoniazid 
. Mineral Salt Asparagine in Enzymatic Hy 
itoclaving frolysate of Complete Base 
Case Phos ly Medium 
phate Buffer* 
° pH 6.7 
i 
§ 


LEWIN 


AND 


TABLE 4 


Sranmmiry or Isonrazip Wuen IN Sotutions of Vanious Organic Actp 


Crowth of Tubercle Ba 


Hefore Aut 


All solutions were made mixed phosphate niffer at pH 67 


t Amount of growth graded and recorded as in the previous t ibles 


specimens contamiumg acetate or succinate might be due to isoniazid antagonism 


by these substances rather than isoniazid destruction in the autoclave. The 


isoniazid used in this part of the experiment was autoclaved in the presence of 


the complete base medium, a circumstance known to maintam its activity 


Neither acetate nor succinate counteracted inhibition of growth by O.1 y of 


isoniazid per mi., and, therefore, neither appeared to be an isoniazid antagonist 


Stalnlizing fleet of a Chelating Agent on Isoniazid Solution 


The experiments thus indicated that various amino acids or amino acid de 


rivatives as well as citrate and oxalate stabilized isoniazid in the autoclave 


All of these substances have the ability to chelate metallic tons, te., to form 


soluble, nonionic complexes with these ions. Therefore, it seemed possible that 


isoniazid stabilization was related to the property of chelation common to these 


substances. It was conceivable that some metal jon, present in trace amounts i 


the distilled water or in the isoniazid preparation itself, was involved in the 


inactivation taking place in the autoclave, and chelation of such an ion might 


have prevented the destruction of the isoniazid 
experiments were designed to test this hypothesis, utilizing ethvlenediamine 


tetra-acetic acid, disodium salt (hereafter referred to as E.D.T.A.), a compound 


often employed as a chelating agent. The data in table 5 show that a 10° molar 
concentration of E.D.T.A. completely protected a 10 y per mil. solution of ise 
niazid, buffered to pH 6.7, from destruction on autoclaving. From these obser 


vations, it became cleat that unbound metal ions, even im trace amounts had a 


profound effect on the heat stability of isoniazid in solution 
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* All solutions initially contained 10 of isoniazid per ml. and phosphate buffer at 


pH 6.7. Isoniazid concentration was determined colorimetricall 


TABLE 6 


or Varntous Cations on THe Heat 


STABILITY 


Cu (usd oo 


Zn Znso, 
Min 
My Mest) wo 
CoC] 
Ni Ni] a0 
he 
be best) 


Control 


DTA os 


ed control wo 


Control without | 


natutoclay 


ethvlenediamine tetra wetie was included in all unless other 


indicated 
+All 
pil 


solutions 


contamed 10 of isoniazid per ml ind phosphate tuffer at 


lationship Between Certain Metal lons and the Hleat Slalnlity of 


In the next experiment, an attempt was made to relate the instability of 


imonmzid to a partie ular cation or group of cations. Solutions contaming various 


cations, ind isoniazid, as shown in table 6. were prepared. The 


M.D) TLA. was included in order to form a complex with the trace ion presumed 


to be present in the system and presumed to be involved in rendering isoniazid 


unstable to heat Phe concentration of each cation vided was three times the 


maximum binding power of the concentration of EDTA. used. It was realized 
that the excess of added cation might partially displace the unknown trace ton 
from the 


The results are given in table 6. Under the conditions of the experiment, the 


addition of cupric or of manganous salts led to the complete destruction of the 


isoniazid orginally present. Zine, cobaltous, nickel, ferric, and ferrous ions re 
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sulted in the partial destruction of isoniazid, whereas no isoniazid disappeared 
in the presence of calclum or magnesium ton Only cupric and manganous 1ons 
led to a greater degree of isoniazid destruction than that in the control con 
taming ne f.D-T.A. and no added cations. [t is possible that those tons which 
brought about only partial destruction of isoniazid under these conditions 
exerted their effect indirectly. For example, they might have displaced from 


E.D.-T.A. the unknown trace cation presumed to be present in the control systen 


Stability of Isoniazid Solutions on Exposure to Hydrogen Peroxide 


Che results thus far had dealt with the destruction of isoniazid when heated 
in the autoclave. As it seemed likely that this destruction was an oxidative 
reaction, experiments were done to study the effect on isoniazid of an oxidizing 
agent in combination with various cations. Hydrogen peroxide was chosen as 


the oxidizing agent to be used and was employed in OLOL per cent concentration 


Incubation was for one hour at 37°C. Additions were as indicated in table 7. The 
colorimetric determination was performed in the usual manner except that. following 


incubation, | ml. of a 0.1 per cent solution of beef liver catalase was added to each of the 
10 ml. aliquots to be analyzed in order to decompose any remaming hydrogen peroxide 


Three rather than 4 mil. of distilled water were then added 


The data, presented in table 7, show that the effects of 0.01 per cent hydrogen 


peroxide on isoniazid were similar to those found following autoclaving. First, 


isoniazid was destroyed in buffered aqueous solutions (pH 6.7) of hydrogen 
peroxide. Second, this destruction was prevented by E.D.T.A. Third, the pres 


ence of cupric or manganous ions markedly enhanced the destructive effeet of 


TABLE 7 
or Vantous Cations on THE OF ISONIAZID BY 
Hyprogen Peroxipe av 37 ¢ 
( oncentration of Concentration of Iso 
Isoniazid After niazid After Incubatio 


Incubation Without with 0.01 Per Cent 
Hydrogen Peroxide® Hydrogen Peroxide® 


per» 


(Cal 
Mal, 
(Mgs0), 
CoCl 
Ni Nic 
Fe ket) 
be Fest), 
Control 
Control without 


* Incubation was for one hour at 37°C. All solutions initially contained 10 » of isoniazid 
per ml, 10 * M ethylenediamine tetra acetic acid (unless otherwise indicated) and phos 
phate buffer at pH 67 


: 
a 
0.0 
10.0 
10.0 95 
0.0 0.0 
10.0 
bio 
10.0 8.5 
7.5 
2.0 
i 10.0 1.0 
10.0 5.0 
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hvdrogen peroxide The addition ol other LOTS resulted in the disappearance ol 
part of the isoniazid. Only the cupric, manganous, ferric, and ferrous rons, how 
ever, effected the destruction of more isoniazid than that which occurred in the 


control containing no E.D.TLA 


KE ffect of Certain Cations on the Stalnlity of Isoniazid Dissolved 


in Water at 37° ¢ 


As may be seen in table 7, in the presence of manganous ion, isoniazid was 
destroved on incubation at 37°C. without the addition of hydrogen peroxide 
Also, significant disappearance occurred under these conditions in the presence 
of cupric, ferric, and ferrous tons 

Since isoniazid solutions had been found to become increasingly unstable to 
heat the more alkaline the environment, it appeared possible that isoniazid 
stability at incubator temperature might vary similarly, especially in the pres 
ence of cuprie or manganous ion. In order to investigate such a possibility, 
isoniazid solutions were prepared at acid, neutral, and alkaline reactions. Phos 
phate buffer was used, and the cupric and manganous salts and B.D TA. were 
added as indicated in table 8. No oxidizing agent was added in these experiments 

As is shown by the data, in the presence of cupric ion, more isoniazid was 
destroyed at an alkaline reaction than at the lower ranges of pH. However, 
such was not true with manganous ion. In the isoniazid solutions containing 
manganous ion, more isoniazid disappeared at the neutral pH than at the alka 
line pH. It was observed that the neutral and alkaline iIsoniazid-manganous ion 
solutions which contained no E.D.T.A. were opalescent. The greater destructive 
effect at a neutral pH than at an alkaline reaction was thus probably due to the 
increased solubility of manganous ton at more acidie reactions 

Under both neutral and alkaline conditions, the addition of EDTA. seemed 
to enhance rather than antagonize the destructive effect of manganous ton on 
isoniazid. The isoniazid-manganous ion solutions which contained b.DT.A. re 
mained clear at all ranges of pH, thus indicating that chelation of manganous 
ion by E.D.T-.A. prevented precipitation of manganous phosphate or manganous 


TABLE 8 
of MaNcaNnous or Curnic Ions on THe or [sontazip 


tances or Pu 


VaRnious 


AT 


Mn 0.5 60 
10*M Mn** and 10'*M 10 5.5 
wW*M Cu 0.5 10 
10*M Cut and 10*M EDTA 
1 *M EDTA 10.0 
No additions 10.0 


* All solutions initially contained 10 of isoniazid per mil and phosphate buffer 
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hydroxide. The inereased destruction of isoniazid which took place in those solu 
tions containing E.D.T.A. and manganous ion is difficult to explain, however 
for the concentration of free manganous ton would be expect d to be lower in 


the presence than in the absence of E.DTLA 


DISCUSSION 


It has been shown that cupric and manganous tons and, to a lesser extent, 
ferric and ferrous ions render isoniazid susceptible to destruction under certain 
conditions, and that this destruction is increased as the temperature is raised 
or as the solution is made more alkaline. The fact that hydrogen peroxide greatly 
increases the rate ol disappearance of isoniazid in the presence ol these jones 
strongly suggests that the degradation is an oxidative reaction 

It does not seem likely that these ious act primarily by functioning as eles 
tron acceptors. For, manganous ton, the lowest oxidation state of manganese, 
is much more active than ferric ion, and the activity of ferrous ion is only slightly 


lexs than that of ferric ion. Albert has reported that isoniazid forms two com 


plexes with cupric ion, a | copper-1 isoniazid complex and a | copper-2 isoniazid 


form (3). It is possible, therefore, that the effeet of cupric tons in potentiating 
the breakdown of isoniazid is related to the formation of a copper-isoniazid 
complex. Such a complex might be more susceptible than free isoniazid to 
chemical alteration on exposure to certain conditions 

Several features of the isoniazid destruction in the presence of the above 
named cations st that these ions funetion similarly to catalysts The rela 
tive slowness of reaction, the variations with temperature and pH, the ion 
speciheity and the low concentrations of ton required are all typical of catalytr 
reactions 

Phe results reported in this communication are well correlated with those of 
Pansy and assocmtes (4 These investigators found that a decrease in anti 
bacterial activity of isoniazid occurred during incubation Dubos liquid 
medi when the pil vas above 6.5. They aseribed this effect to the ferric salts 
in the medium. Also in accord are the results of Boniche and Reif, who recently 
reported that the destruction of isomazid in culture media was “catalyzed’’ by 
large concentrations (5 mg. per LOO mil. optimal) of manganous chloride (5 
The rate of reaction was found to merease with increasing temperature and 
alkalinity. Middlebrook has likewise observed the disappearance of isoniazid 
n solutions contaming manganess which were allowed to stand in the air (6 

On the other hand, Barry and collaborators have recently reported a decrease 
of isoniazid activity after imeubation im Proskauer and Beek liqguid medium 
and have found that the decrease occurred on ineubation of isoniazid In aspara 
gine or magnestim citrate dissolved in phosphate buffer (7 At first glance 
these findings appear to disagree with those of the present communication 
Both asparagine and magnesium citrate have chelating ability similar to that 
of E.DT.A. Henee, it is possible that the effect observed by Barry and associates 
is similar to that seen with manganous ion (see table 8) when the addition of a 
chelating agent increased the destruction of isoniazid in the presence of this 
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Phe phenomenon of bacterial resistance to isomazid may in some way be 
related to the marked susceptibility of isoniazid to destruction under certain 
conditions. Middlebrook has shown that many tsoniazid-resistant strains of 
tubercle bacilli are deficient in catalase, an enzyme which catalyzes the break 
down of hydrogen peroxide to molecular oxygen and water (S Since aeroby 
microorganisms generally produce hydrogen peroxide in the course of ther 
metabolism, it seems possible that this substance might accumulate at certain 
loci in the catalase-negative bacterial cell. Hydrogen peroxide would then be 
available for the oxidative destruction of isoniazid if an appropriate cation 
were present, ind such a mechanism might account for resistance to the anti 
bacterial action of the drug 

(4 interest in this regard are the observations of Barclay, Eebert, and Kkoch 
Weser, using isoniazid made radioactive by incorporation of ¢ 9). Lsonimzid 
was found to be firmly bound to drug-suseeptible bacilli, but resistant cells 
showed little radioactivity after washing. These results might be explained by 


degradation of isoniazid in the resistant cell and excretion of the 


Phe observations presented in this communication demonstrate clearly that 
the stability of isoniazid varies, depending upon the chemical composition of the 
environment. In addition to the obvious Hnportance of this fact to the labora 
tory worker, it is conceivable that phenomena of a similar nature mav influence 


the fate of isoniazid in rive 
st MMAKY 


Although isoniazid has been generally considered to be a relatively stable 
substance, it is in large part destroyed when autoclaved in aqueous solution at 
neutral or alkaline reactions. Destruction of isoniazid under these conditions 
may be prevented by addition to the solutions of any of a number of substances 
having the common property of forming soluble, nonionic complexes with metal 

Phe stabilizing effect of metal binding agents on solutions of isoniazid exposed 
to heat may be overcome by the addition of slight excesses of certain catrons 
especially the cupric and manganous ious. Apparently, trace amounts of these 
or similar cations render isoniazid susceptible to degradation under certain con 
ditions 

Some destruction of isoniazid also takes place on incubation at 37°C. in the 
presence of free cupric or manganous ions. The rate of disappearance of toniazid 


under these conditions is greatly increased on the addition of dilute hydrogen 


peroxide It is thus suggested that isoniazid may be destroved by an oxidative 


reaction which is catalyzed by certain metal tons 


SUMARIO 
katudios de la Katahilidad de la leoniacida 


Aunque la isoniacida ha sido considerada generaimente como substancia relativane 

ble queda destruida et gran parte cuando se trata al autoclave en solucion 
reacerones neutras o alcealinas esas condiciones puede la deatrucemn «le 
isoniacida i laos soluciones cualquiera de varias substancias dotadas « 


de la propied ud de formar complejos aniGnicos solubles cor ones metalicos 
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Puede contrarrestarse el efecto estabilizador de low fijadores metdlicos sobre las solu 


adicién de leves excesos de ciertos cationes 


ciones de imoniae ila ¢ stas al calor con la 


ones cipricos y manganosos Al parecer indicios de esos cationes o 


y en particular de los 
de otros semejantes susceptibilizan la isoniacida a la degradacién en ciertas condiciones 
37°C en presencia 


Ademés tiene lugar alguna destrucecién de la isoniacida al incubarla a 


de adpre TRAN libres esas circunstancias ln velor idad de la des apart 


cién de la isoniacida aumenta consider iblemente al agregar peroxido de hidrégeno dilufide 


Sugiérese, pues, que la isoniacida puede ser destrufda por una reaccidn oxidante catalizada 


por certos yones metélicos 


ME 


Ktude aur la stalilité de Uisoniazide 


Bien que I' LN. soit généralement considéré comme une substance relativement stable 


il ext en grande partie détruit quand il eat chauffé a l'auto lave en solution alealine ou 


neutre. La destruction de LN HH. a été prévenue dans ces conditions en introduisant dans 


la solution l'une des nombreuses substances ayant la propmété commune de former aver 


Vion métal des molécules complexes non 1oniques solubles 


L’effet stabilisant des agents fixateurs de métal sur les solutions d'EN. HL. exposées A 


la chaleur peut étre combattu par l'addition d’un léger excés de certains cations, en par 


ions manganeuy ou curvriques Dans certaines conditions des traces de ces cations 


tieulier d 
ou de cations similares semblent favormer lu dégrad ition VIN 
Un certain ure de deatruction de | se produit pend ant Lineubation a 37°C! en 


dions manganeux ou cuivriques libres. La vitesse de disparition de I'L.N IL, dans 


pre 
conditions est considérablement aceélérée par l'addition de peroxyde d hydrogéne 


con 


(Ces faite suggérent done que la destruction de peut @tre due A une réaction d’oxy 


dation cat par ee rtains ions mét iliques 
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THE EFFECT OF STREPTOMYCIN ON MYCOBACTERIUM SMEGMATIS 
GROWING IN THE PRESENCE OF PUTRESCINE OR AMMONIUM 
SULFATE 


L. 8. VAN ORDEN anv W. F. KIRCHHEIMER 
teceived for publication December 23, 1054 


INTRODUCTION 

Turbidimetric measurements of the effect of streptomycin on mycobacterial 
growth have been used in the past by several workers (1-4). Smith (5), also using 
turbidimetry, reported that streptomycin susceptibility and growth of Myco 
hactertum tuberculosis depended on the nitrogen source supplied in the synthetic 
culture medium 

In all of these studies streptomycin was added to the medium at one time only 
namely, at the time of inoculation with the bacteria, However, the streptomycin 
susceptibility of a particular organism possibly may not be constant during its 
entire growth eyele. In addition, the degree of growth inhibition may not depend 
merely on streptomycin concentration but rather on the ratio between strepto 
mycin molecules and numbers of bacteria present. The degree of growth inhibition 
obtained may furthermore depend on the nitrogenous substrate concentration in 
the medium 

For these reasons experiments were carried out to study the growth-inhibiting 
effect of various concentrations ol streptomycin mided at various time during 
the growth evele to media containing different concentrations of one of two dit 
ferent nitrogen sources 

Zeller, Owen, and Karlson (6,7) and Zeller, Van Orden, and WKirchheimer (8 
have shown that streptomycin inhibits the diamine oxidase enzyme of M 
smeqmatis. This enzyme oxidatively deaminates diamines with the formation of 
ammonia. Putreseine (1.4 .diaminobutane) was found to be the best substrate 
for this enzyme 

It seemed of interest to determine if the inhibition of diamine oxidase by strep 
tomvyecin ts correlated with the growth inhibition caused by this substance. There 


fore, MVM. smeqmatis was grown in the presence of putreseine and ammonium 


sulfate, respectively. The growth inhibition resulting from the addition of strepto 


mycin under these two conditions could then be compared, If the inhibition of 
diamine oxidase is related to the inhibition of yrowth of VM meqmalt one should 


expect to find a greater degree of inhibition m the putrescine-contaming medi 


MATERIALS AND METHODS 


The organism employed it these studies was Mycobacte im ameqmat 4142 101 


obtained originally from Dr. A. G. Karlson (Mayo Foundation, Rochester, Minnesota 


From the Department of Bacteriolog Northwestern Universit Medical School 
Chicago, Illinois 
This stud was aided |) i grant from the Committee on Medical Nene arch of the 


American Trudeau Societ medical section of the National Tuberculosis Association 
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was sterilized by passing it through an ultra fine (UF) sintered glass filter, Seven milliliter 
imounts of the stenle medium were then nsed into sterile iluminum tipped optical 
cuvettes (Coleman “7-304 The media in the cuvettes were inoculated with 0.1 ml. of a 
eulture of this organism in medium of the same composition. The inocula were taken from 
cultures giving readings of approximately 200 ne phelos units on the seale of the Coleman 
model 7 photonephelometer Since one such unit equiy tlent to ipproximatel 
per mil the bacterial concentration follow ng of the media in the 
cuvettes was approximately 14 million per ml. Streptomyvein was added to the medium from 
it stock solution of the compound in distilled water. whieh was then diluted with distilled 
Vater so that the addition of 0.1 ml. to the inoculated medium would result in the desired 
final concentration. Streptomvein sulfate concentrations are re ported here in micromolarit 
(uM) or micromoles per liter (uM The coneentrations used in these « (periments wer 
10,20, 10, and 0.5 uM, corresponding to2.9, 146,073, and 0.37 meg perliter of streptomycin 
sulfate 

(srowth readings were taken with the photonephelometer at the time of inoculation (zero 
hours) and at twelve, twenty-four, thirty si forty-~ught hours. All culture vere 
bated thermostatically controlled mecubator, Prior to reading, enel 


is Shaken to resu 


spend the organisms uniforml ach recorded reading represents 


the readings on two replicate cultures 


RESULTS 


Phe effect of streptomycin on M. smegmatis growing in medium contamimng 
uM of putrescine is shown in table 1 and in the corre sponding figure 1. In thi 
experiment, streptomycin, to make concentrations of 0.5, 1, 2, and 4 aM. re 
spectively vas added at zero, six twelve, and twenty four hours The growth 
readings in “nephelos units” are shown in table | for the various concentration 
and times of addition al streptomivern and for the growth in the absence of trep 
tomvein. The figures in parentheses indicate the percentage of growth imbibition 
Phe eurves plotted from the growth readings on an arithmetic s ; ‘shown in 
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at the particular time and in the particular coneentratpon 
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These results show that streptomycin is a less effective growth inhibitor, not 


only at lowered concentrations, but also when it is added at a later time 
eduction of the putreseine concentration in the medium has the effect demon 
strated in table 2 and figure 2. Media containing 10, 1, and 0.1 uM of putresecine 


TABLE 2 

av Dirrerent Times on THE 
CONTAINING 
0.2 Per Cent 


10 2.0gM 
Dir re RENT 


IN A 


Tue or 
Prous ALBUMIN 


or 


(,hOWTH OF SMEGMATI® 
PUTRESCINE 


VTHATIONN 
Ke wlings in 


Purbidimet rie Nephelos Units” 


is 


* The figures in pare ntheses re present thee per cent inhilution of 


arene 


Fig. 2 
it different times, on the g 


ent concentrations of putreseine 


with albumin (0.2 per cent 


Graphic representation of the effect of streptomyein (1 Oand 206M), when added 


rowth of Mycobactertum amegmatia ina medium containing differ 
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were used, Enough streptomycin was added to give the following concentrations 
1.0 and 2.0 uM of streptomycin at zero hours, and 2.0 uM of streptomycin at six 
twelve, and twenty-four hours. In figure 2, 2.0 uM of streptomycin at zero hours 
is omitted, since the results in the presence of all three putreseine concentrations 
are quite simular 

It is seen that reduction of the amount of putrescine increases the imbibition of 
growth brought about by streptomycin, most strikingly seen with 1.0) uM of 


streptomycin at zero hours 


Further experiments showed that the omission of albumin does not affeet the 


growth of this organism to any significant degree in putrescine- or ammonimun 
sulfate-containing medium in either the absence or presence of streptomycin The 
growth readings obtained in a medium in which am.nonium ions were the sole 
source of nitrogen are set forth in table 3. Streptomycin was added at the same 


times and in the same concentrations as in the previous experiment with the 


rABLE 3 
Tue or Vanior or Strerromycts Appep av Dirrenenr Time 
on THE Growrn of Mycopacterttum iN A Meprum Convrainine 


Purbidimetrie Readings in ‘‘Nephelos Unites 


15 
5 
115 
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Fira. 3. Cit iplic representation of the effeet of various amounts of streptomycin when 
wlded at different tine the growth of Wycohact im ameqmatia itt a medium cont 


immonium sulfate Nu the sole nitrogen source sM"’ streptomvern 


TABLE 4 
or SMEGMATIS IN THE Presence On ABSENCE OF STREPTOMYCIN 


iN Convaining Porrescine on 


SULFATE AS Source of NiTROGEN 


Turbidimetrie Readings in “Nephelos Units 


1) M 0 4 


Putresein 


Ammonium sulfate (SoM ; 


4! IS (7S 


The figure represent the wr cent inhibition of growth 


putrescine medium (table 1, figure 1). Figure 3 is a graphic representation of 
these data. The results show that the degree of growth inhibition at comparable 
streptomycin concentrations and times of addition is very similar in the two 
media. Two micromolar streptomycin when added at zero hours and at six hours 
was slightly more effective in the ammonium sulfate medium than in the putres 
medium 


\ comparison is shown in table 4 between the growth in a medium with putres 
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cine and ammonium sulfate, respectively, as the sole nitrogen source Che growth 


inhibition by streptomycin (1.0 and 2.0 uM at zero hours) is seen to be the same 


with these two nitrogen sources 


DISCUSSION 


The growth-inhibiting effeet of streptomycin was found to decrease regularly 
with successively later times of its addition. This might suggest that the inhibition 


W hen 


however nre com 


observed is proportional to the amount of streptomycin per organism 


Various portions ol the experiment represented in table | 


pared, it is found that similar microorganism ‘streptomycin ratios at different 


times of addition effect different degrees of growth inhibition. For example, the 


ratios are approximately the same for 1.0 uM of streptomyein added at six hours 


and 4.0 of uM streptomycin added at twelve hours. The per cent inhibitions for 
10 per cent 


equal time intervals following addition of streptomyem, however, are 


and 23 per cent, respectively. This is also true in other instances recorded in table 


1. if streptomycin at a concentration of 1 uM was added at twelve hours, the per 


cent inhibition after twelve hours was 8 per cent, When streptomycin at a con 


centration of 4 wM was added at twenty-four hours, the per cent inhibition after 


twelve hours was 31 per cent. In both instances, however, the organism strepto 


mycin ratio Was approximately equal 
Therefore, it would seem that, on the basis of the microorganisin streptomyen 


ratio, the microorganisms appear to be more susceptible to streptomyemn during 
the later part of the growth evele. While it is apparent trom figure | that the 


growth inhibition is more effective the earlier streptomycin is added, it 1 


true that much more streptomycin per cell is needed in the earher stage 


growth to effect a particular degree of inhibition 
When the concentration of putreseimne in the medium is reduced, the growth 


inhibiting effect of streptomycin increases, 
The finding that streptomycin exerts approximately the same inhibitory effect 


nitrogen source per 


in a medium contamimng ammonium sulfate or putrescine as 


mits the conclusion that inhibition of diamine oxidase does not explain the effect 


of streptomycin on the growth of this organism in general, One may draw from 
this the provisional conclusion that the growth-anhibiting action of streptomyen 


on M. smegmatis lies somewhere beyond the stage of uptake of ammonium tons 


by the organism, if indeed it has a primary action on nitrogen metabolism at all 


SUMMARY 


(Quantitative growth studies were carried out to determine the inhibitory effect 
arious times during the growth eyele of smegmatis 


ol streptomycin added at 
The results show that a particular concentration of streptomycin is inhibitory to 


a greater degree the earlier it is introduced into the culture medium, Considernng 


the ratio between the amount of bacteria and the number of molecules of strep 


tomycin present, it seems that the bacteria during the early growth eyecle are 


more resistant than later on 
Decreasing the concentration of available nitrogen in the medium mere 
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the effect of a given concentration of streptomycin. Organisms growing in a 
medium containing putreseine or ammonium sulfate, respectively, are inhibited 
to an approximately equal degree. It seems, therefore, unlikely that streptomycin 
susceptibility of MW. smegmatis is based on inhibition of diamine oxidase by the 
drug 


SUMARIO 


ki Efecto dela Batre plomu ina sobre el Crecimiento del ycobacterium Smeqmati xen Presencia 


de Putreacina o Sulfate de Amontio 


betos estudios cuantitativos del crecimiento tenfan por fin determinar el efecto inhibidor 
de la estreptomiecina agregada en varias ocasiones durante el ciclo del desarrollo del Myce 
hactertum an eqmat Low re sultados ce thuestran que Una concentracion dada de eatre pto 
micina resulta mas inhibidora mientras més pronto se introduzea en el medio de cultivo 
Considerandoe la proporeién entre la eantidad de bacterias y el namero de moléculas de 
estreptomicina que hay presentes, parece que, durante el periodo temprano del ciclo de 
desarrollo, las bacterias son més resistentes «ue después 

La disminuedn de la concentracién de nitrégeno disponible en el medio acrecienta el 
efecto de una concentracion dada de estre ptomicina Los mis robios que crecen en un te dio 
que contenga putrescina o sulfato de amonio, respectivamente, se inhiben en forma pron 
madamente igual, Parece, pues, improbable que la susceptibilidad del Wo smegmatis a la 


estreptomicina se base en la inhibieiin de la oxidasa por la droga 


KESt MI 


Leffel de la atreptomycine it le Mycobacterium amegmatia en présence de putreacine ou de 
/ / 


ilfate dammontun 


Ih quantitatives sur la ont été entre prises pour déterminer 


wtivite 
imhilntriee de la streptomyecine introduite dans le milieu A différents moments durant Is 
evele de ce Veloppene nt du Wycohacts wn meqmatis Les résultats obtenus démontrent 
qu'une concentration donnée de streptomycine « une action inhibitriee d'autant plus mar 
quée qu'elle est introduite plus précocement dans le milieu de culture. Si on considére 
le rapport entre le nombre des bactéries et le nombre des molécules de streptomycine pre 
sentes, i semble que les bactéries sont plus résistantes durant la phase initiale de la erois 
pl is tard 

La réduection de la concentration de azote conte nu dans le milieu nite effet d'une 
concentration donnée de streptomyeine. Les germes cultivés cans un milieu renfermant 
respectivernent de, la putreseme ou du sulfate d'ammonium sont inhibés un degré sensibl: 
thent égal I! semble come peu probable la senmibalite du V meqmatia a ln atre poten 


eme soit fondée sur de Voxyvdase diamine, par cet agent antimicrobien 
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Case Reports 


THE FIRST CLINICAL TRIAL OF STREPTOMYCIN IN HUMAN 
TUBERCULOSIS 
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H. FELDMAN 
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Th ear 1034 marked the tenth anniversary of several special events in the chemo 


therapy of tulx pects of the of streptomycin and the 


development of this substance as the first chemical agent found to be practical in the 


treatment of tuberculosis have been recorded for all time (1-3). To complete the stor 


the writers are presenting an account of the first clinical trial of the drug 


November 20, 1044, was the day on which streptomycin was first administered to a 


human being for the treatment of tuberculosis. The patient was a 21 -vear-old white gir! 


who hud premere ive far advanced tuberculosis. When streptomycin Was 


first administered to the patient, she was hospitalized at Mineral Springs Sanatorium 


Cannon Fallx, Minnesota. Later she was transferred to the Colonial (now Methodist 


Hospital Rochester Viinnesota. for continuation of treatment and stud 


Those were eat dave im the chemother py ol tuberculosis. In June, 1944, the writers 


terminated the first experiment, in which four guinea pigs infected with tuberculosis 


received streptomycin in small amounts for forty to fifty-four days. Both dosage and 


duration of treatment were limited by the supply of material. About the middle of Septem 


ber, 1044, a second experiment was terminated, in which nine guinea pigs received strepto 


mvenm m somewhat larger doses for forty-seven to sixty-one davs. The third, or crucial 


experiment to determine the therapeuti uid toxic effects of streptomycin was still in 


progress when this patient received her first injection of the drug. However, the sup 


pressive effect of streptomycin on progressive tuberculous infection had appeared an) 


striking among the thirteen guinea pigs treated previously that everyone concerned 


including the patient herself, was eager to try the new drug when her condition indicated 


the need for just such a suppressive effect 


When she was admitted to Mineral Springs Sanatorium in July, 1943, this patient (P17 


had far advanced pulmonary tuberculosis involving the right upper lobe. During her first 


year of hospitalization she showed some improvement, but shortly afterward she began to 


have chills, fever, night sweats, and increased cough; a chest roentgenogram obtained in Ox 


tober, 1044, showed a pronounced increase in infiltration and cavitation in the right lung 


This rather desperate situation appe ured to call for desperate action, so thor woplast 


was performed on the right side by Dr. O. T. Clagett, of the Mavo Clini 


lhe first stage of thoracoplasty was performed on November 1, 1944. Two weeks later 


When the work reported in this paper was begun, Drs. Pfuetze and Pyle were associated 


with the Mineral Springs Sanatorium, Cannon Falls, Minnesota; and Dr. Hinshaw was a 


member of the Section of Medicine, Mayo Clinie Rochester, Minnesota. Dr. Feldman was a 


member of the Mave Clinie and Mavo Foundation, Rochester, Minnesota 
> Presented at the Interim Scientific Session of the American Trudeau Society, New York 


New York, Nowember 17, 1004 
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wntgenographie study revealed a new and presumabl exudative lesion the left lung 


\t this point it was decided that the patient s progressive infaveoratle the 
use of streptomyen and According! come of the material the being 
ised in the guinea pig experiment was ippropriated for this first elinieal tri 
As the ther texte closes of streptomvenn or buman ere entire! 
the drug wa wlministered with extreme « At first the tot is 
only O.1 gm md this amount was divided into eight dose given at three hour intervals 
sround the clock. From the first the drug Was given leep mt ramus ul inject This 
treatment was often paintul bemg especiall so because the patient was poor nourished 
The first preparations of streptomycin were relatively crude The «chiifferent tot 
red: but most of the material cont ined p rogens and other substances such as histamine 
so that, in addition t af the site injyeetion. the patient Was te suller trom 


headache, flushing of the face. generalized muscular aching preaana ane thee 


sometimes chills and fever 


Between November 20. 1044. and April 7 145, the patient received ive course 


tomvein, each of which lasted ten to eghteeen days The treatment i ntierrupted 


martly to give her relief from such side effects as those just listed, but most because at 


that time a stead suppl of streptomycin was hot av 


The first course of treatment was terminated on November 30. 1044 A month later the 


ent received another brief course which was terminated on January 12, 1945. During the 


first two courses, when the total daily dose was onl gn irs unlikel that 


in ippreciable chemotherapeutic effect was achieved. In a roentgenogram obtained on 


Januar 13, 1945, the lesion in the patient's left lung sppeared to be unchanged. At this 


time the total daily dose was increased, and during the last three cours« for otal of 
fort four dave. the patient received O05 to 1.2 gm peer ila dosage which certas is 
vlequate in termes of bod seight, which was onl 75 pounds In iroentgenogram obtamed 


on April 9, 1945, at the end of treatment, the lesion in the patient's lett lung was lost to 
view 
While the patient was receiving chemotherap three more stages of thoracoplast 


including an anterior stage, were carned out. At the conclusion of her chemotherap wd 


surgical treatment, sputum still contained M ycobact im tuberculo During the ensuing 
months, however, while a regimen of rest in bed was continued, the patient's sputum be 
came consistently negative for acid fast bacilli on muicroseop wid. finall vith occasional 


exeeptions cultures of sputum and gastric contents lLkewise became negative 


Phe patient was discharged from the sanatorium on July 13, 1947, with a diagnosis 


of apparently arrested’ pulmonar tuberculosis. examinations mee that tine 


have revealed no deterioration in her condition. In a thoracic roentgenogram taken 


February 26, 1954, the disease ippeared to be inactive;* another film taken in August 


1954, was interpreted by the patient's home pl cian as showing no change from: previous 


films 


Phe facet that thi patient has we is tearticulari vratiiving ew of the 


fact that she has led a ver wtive lle. After leaving the matonum, she marred and ps 


now the mother of three robust children who were born in 1950, 1952, and 1954, respes 


tively. Inadequate is her chemotherapy was by presenta tandards. sufficient evidence 


Phe dosage has been translated into the terms in use toda In the first experimental 


md clinteal work strey 


imatel equi oa of pure strepton cu 
The writers are u lebted to Dr bkizra \ ridge the pre ent medical director of Mineral 


Spriogs Sanatorium, Cannon Falla. Minnesota. for preparing as beet roe of the patient 


medical reeord and for hay ng her roentgenogram including her tiost reeent tilt ent te 
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now exists to allow the conclusion that the streptomycan which this patient received in 


the first clinical trial of the drug was definitely beneficial and may even have been life 


saving. It is a happy ending which has been duplicated tens of thousands of times in the 


atreptomycin stor 
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DrCARA 


LhO \ 


Received for publication July 15, 1054 


INTRODUCTION 


Spontaneous hemothorax is an unusual condition, bemg extremely rare in 


blood dyserasias. Only four such cases have been reported to date. Two of these 


cases have been due to thrombocytopenic purpura. Pitt (1) reported one, and 
Freedman (2) reported the second. Accordingly, the following case is being 


reported 


i. K.S.. a white male, aged 32, was admitted on February 2, 1953, in moderate shock to 


the Veterans Administration Hospital, Tueson, Arizona, for the first time. The past history 


reveals that, in 1999, a diagnosis of thrombocytopenic purpura was established, Since 1939 


he had experienced severe gastric hemorrhages which had been attributed to a duodenal 


In 1939, a splenectomy was performed to control gastrointestinal bleeding. At that 


ulcer 


with an erythrocyte count of 1.350.000 per 


time. the pl itelet count was 30,000 per cu. mm 
Bleeding from the gastrointestinal tract continued intermittently, and a subtotal 
bleeding continued at intervals until 1950; 


eu. mm 


gastrectomy was performed in 1946. However 
ibruptly. The patient had had no gastrointestinal hemorrhages since 1950 


then ceased 
He developed severe allergic reactions to blood transfusions in January, 1950, and these 


had persisted to the date of hospital admission 


The family history was contributory in that the patient's mother died of cerebral hemor 


rhage at the age of fifty seven. During life, she had a tendeney to bruise and bleed easily 


One sister died at the age of one year from a bleeding condition. The patient st sted that 


wa child. he bled easily from the nose. He was the father of six children, four boys and two 


Two of the bovs have bleeding tendencies 


girls 


Pulmonary tuberculosis was first diagnosed in September, 1951. The sputum 


Was positive for VW ycobacterium tuberculosis, and a lesion in the right upper lobe 


(figure 1) was demonstrable on roentgenograms. The patient was hospitalized 
at the Veterans Administration Hospital, Alexandria, Louisiana, and, beginning 


on October 25, 1951, he received 0.5 gm. of streptomycin and 12 gm. of para 
aminosalieylie acid (PAS) daily for four months. He left that hospital against 
the advice of the staff in March, 1952, and came to Tucson, Arizona, in Septem- 
ber, 1952 

On admission to the hospital, the chief complaint was pain in the night lower 
chest. The history revealed that the patient had become ill approximately forty 
hours prior to admission with Increasing: pain in the right lower anterior chest 
and dyspnea. He had been well for the past few months but, on the day of ad 
mission, he had a number of shocklike episodes with sweating and fainting. He 


was classified as being seriously ill at the time of admission. A chest film at this 


time was interpreted as showing pleurisy with fluid in the right base. No pneu 
mothorax was seen on the roentgenograms (figure 2) 


On the day after admission, aspiration of the pleural cavity revealed blood 


From the Veterans Administration Hospital, Tucson, Arizona 


big. L. Postero anterior roentgenogram of chest, dated October 28, 1952.* Routine follow 
up hlmin a patient with tuberculosis. Lesion is in the right upper lobe 

Fria. 2. Postero anterior roe nigenogram of chest, dated February 3. 10354." showing large 
mmount of fuid without any mediastinal shift or evidence of air 

hia. 3. Postero anterior roentgenogram of chest. dated February 10. 1953* showing 
marked amount of fluid and mediastinal shift. It was believed that adhesions in the right 
spex prevented completed mediastinal shift Note trachea is still in the midline It is 


it this point that intercostal catheter drainage was instituted 


in three different places in the right anterior lower chest. Approximately 15 ce 


were removed and, following this, the patient went into shock. He was placed 


in an oxygen tent and given intravenous nikethamide (Coramine’ This was 


followed by a whole-blood transfusion of 500 cc. The transfusion was attended 


* When the right intercostal spaces in all of the postero anterior \ compared 


the progress toward normal may be followed 
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senucomatose during most of the time in which the transfusion was being given 


i moderate asthmatic reaction as it was being completed. The patient was 


(on the fitth hospita day, he complained ol severe pain over the cardiac region 
\n electrocardiogram suggested pericarditis. A chest tap on the sixth hospital 
dav yielded 200 ce. of nonelotting bloodlike fluid. A chest film (figure 3) on the 
seventh hospital day showed considerably more fluid with mediastinal shift to 
the left 

Phe diagnosis was bleeding in the nght pleural cavity, secondary to thrombe 
eVtopenic purpura Because of the history of severe allergic reaction to blood 
transitisions, it Was thought best to delay intercostal dramage until the patients 
general condition impreo ed 

For the first six hospital davs, the patient Was in eritu al condition, and it was 
decided not to undertake any surgical procedures. On the sixth hospital dav, a 
transfusion of 300 ec. of whole blood was given following administration of 30 
mg. of diphenhydramine (Benadryl") intramuscularly. He had a severe aller 
wie reaction and required intravenous aminophylline. On the next day, 500 «« 
ol whole blood were Riven, followed by a nore severe allergu reaction which 
required butanephirine and intravenous aminophylline int repeated dosage 

Special Rh tactor and antibody studies suggested the possibility of an Ee factor 
us a cause of his reactions. The consulting pathologist suggested that the patient 
receive Rh-negative blood, which had been thoroughly warmed in an incubator 
instead of Rh-positive blood 

On the seventh hospital day, the patient was started on corticotropin, 400 mg 
four times daily, along with streptomycin, | gm. daily 

Dramage of the right hemothorax was thought to be contraindicated at this 
time (February 10, 1953). A roentgenogram (figure 3) obtained on the same day 
showed considerable increase in mediastinal shift. The patient's condition was 
getting worse after only a slight improvement 

On the eighth hospital day, an intercostal catheter was inserted in the eighth 
interspace posteriorly, and SOO ce. of bloody fluid were immediately removed 
\ postero-anterior chest film following this procedure showed the mediastinum 
to be in the midline. The removal of 100 ce. of bloody fluid every hou through 
underwater seal drainage was continued, and the patient was constantly ob 
served for any evidence of shock. A total of 2.400 ce. of blood was removed 
during the next forty hours 

On the fourteenth hospital day, 500 ce. of Rh-negative, specially warmed 
blood were started as a transfusion. After 250 ec. had been given, the patient 
developed chills and fever, but no asthmatic attack. Nevertheless, the transfu 
sion Was discontinued 

Because of this reaction, enzymatic therapy was delayed until the sixteenth 
hospital day. At this time, streptokinase-streptodornase (varidase), 100,000 
units, were instilled in the pleural cavity and resulted in a drainage of 400 ce. of 
bloody fluid. Two subsequent instillations of enzymes, one on the next day and 
another on the twenty-first hospital day, were followed by the withdrawal of 
2.000 and 1,600 ce. of bloody fluid. The intercostal tube was removed after nine 


teen davs on March 2, 1953 
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The patient was plac ed on deep breathing exercises, and he made an unevent 
ful recovery from this time on. A chest roentgenogram obtained on April 1, 1963 
figure 4 showed marked clearing of the densities in the maht lower chest. A 
right lateral roentgenogram (figure 5) at this time failed to reveal any cavity mn 
the right upper lobe. A follow-up roentgenogram of July 15, 1953) (higure 6 
showed almost complete ‘ learing of the process in the right base and an a 
ently stable lesion in the right upper lobe 

On admission to the hospital, the patient received pemeillin, GOO,000 units 
twice daily until March 2, 1953, and then 300,000 units twice daily until Mareh 
12, 1953. All sputum examinations were negative for tubercle bacilli. Two cul 
tures of chest fluid for tubercle bacilli and for aerobic and anaerobie microot 
ganisms were sterile. A bone-marrow biopsy on March 12, 1953, revealed no 
evidence of leukemia The total amount of bloods fluid removed from the right 
chest was 6,600 ce., and the amount of blood given as transfusions was 1,550 « 

In addition to the drugs already mentioned, the patient received vitamins ¢ 
and Kk, By, iron, liver extract, Seconal®, Demerol", codeme, and placebos. Cor 
ticotropin, which was recommended for transfusion reaction, also probably 
helped reduce capillary permeability, as has been reported by Ragan (3 baloon 
and associates (4), and Meyers and associates (5). Amidopyrine was wed in con 
junetion with the use of the enzymes, and the highest temperature observed 
was 102.6°F. The lowest leukoeyte count was 58,700 cu. mm., with 03 per cent 
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was 50.000 per cu. mm. on February 16 


neutrophils The lowest platelet count 


1953 (igure 7 
On February 0, 1953, bleeding time was slightly increased, while coagulation 


time could not be obtained 


SUMMARY 


\ case of spontaneous hemothorax in a patient suffering from thrombocyto 


pene purpura and pulmonary tuberculosis is presented. Avoidance of any shock 


ing procedures in the initial treatment of the case was believed to be very im 


portant 
Removal of blood can and must be timed to the patient's general condition, 


and accomplished as soon as feasible. It was believed that the use of strepto 


kinase-streptodornase helped considerably in preventing a dibrothorax and the 


ultimate complete clearmg of the right pleural space. The early use of breathing 


exercises following recovery is of paramount importance to obtain maximum 


lung funmetion 


etiology of spon taneotis hemothorax bs probably due to rupture of an adhe 


son or bullae necessarily mvolving vascular channels 


st 


Rare Caso de Hemotorax Eapontaneo 


Preséntase un caso de hemotérax espontaneo en un enfermo que padecia de pdarpura 


tuberculosis pulmon ir. Considerose mu importante evitar todo pro 
cedimiento me ompan cle choque en el tratamiento inieial del case 

La extracesn de sangre puede y debe ajustarse al estado general del enfermo llevarse 
icabo cuanto antes sea posible. Al parecer, la varidasa ayudé considerablemente a impedir 


un fibrotorax en el deapejo total definitivo del espacio pleural derecho. bl emple © tem 


prane de ejyercicios respiratorios después del restablecimiento reviste importancia primor 


dial en la obtencion de la funcién pulmonar maxima 


La « trologia del hemotérax espontanes t ulies probablemente en la rotura de alguna 


vlherencia o de flretenas que ifecta forzosamente los conductos vasculares 


RESUME 


cas rare d’hémothoraz spontane 


Un cas d'hémothorax chez un malade atteint de purpura topenique 


et de tuberculose pulmonaire est présenté L’auteur considére qu'il était trés important 


d'éviter | ipplreation de tout pro édé violent dans le traitement initial de ce eas. L’extrae 


tion du sang peut et doit @étre faite aussitét que possible en tenant dabord compte de l'état 


général du malade. L’auteur pense que la varidase a considérablement facilité la prévention 


d'un tibrothorax, et permis éventuellement la libération compléte de l'espace pleural droit 


Les exercices respiratoires précoces: pratiqués aprés la guérison sont d'une importance 


capitale pour permettre la récupération maxima de la fonction respiratoire 


L'étiologie du pneumothorax spontané est probablement la rupture d'adhérences ou de 


interessant une region Vase ul irisee 
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Notes 


AN EVALUATION OF BLOOD BANK BLOOD AGAR MEDIUM FOR THE 
PRIMARY ISOLATION OF M. TUBERCULOSIS FROM SPUTUM AND 
GASTRIC CONTENTS 


Recently Tarshixs and Frisch! * recommended the incorporation of human blood into 


standard agar media to accelerate the growth of M. tuberculosis. The present study was 


undertaken to determine the value of this blood bank blood agar medium and of another 


later recommended by Tarshis for the primary isolation of M. tuberculosis 


In the first series in the present study, 2,659 routine specimens of sputum or gastric 


contents were inoculated on blood bank blood agar medium, American Trudeau Society 


(ATS) medium, and Léwenstein Jensen medium. In a second series, 219 specimens of 


sputum from patients known to have recently been infectious were similarly inoculated 


on the later recommended blood agar medium,’ ATS medium, and Lowenstein-Jensen 


medium. The behavior of all of the inocula was observed and recorded, Because of the 


practical importance of the data obtained, the pertinent details of the method of study 


and the results are herein reported 


Veda: The blood agar medium for the first series was prepared according to the fol 


lowing formula: Bordet Gengou agar base (Difeo), 4.0 glycerol (analytical grade 


10 ml: distilled water, 99.0 ml.; human blood bank blood containing ACD solution 


25.0 ml. The agar base was hydrated and dissolved by heating, then the glycerol was 


vided, and the medium was stenlized in the autoclave for fifteen minutes at 15 pounds 


of pressure After it had eooled to 50°C... blood bank blood. three or four weeks old. was 


vdded silly. The medium was dispensed into stenle screw-<« ip tubes, slanted 


sod incubated for forty-eight hours at 37° C. to test for sternlity. The blood agar me 


dium used for the second series consisted of: agar-agar, 1.5 gm.; glveerol (analytical 


grade), 1.0 ml.; pooled human blood bank blood containing ACD solution, 30.0 mil 


distilled water, 60.0 ml.; and penicillin, 53) y per ml 


ATS medium and Lowenstein Jensen medium were prepared in the laboratory accord 


ing to ifieations' and cheeked for sternlity prior to use 


Specimens In the first series, 2.659 routine specimens were ined ulated from patients 


suspected of having tuberculosis or those who were under treatment for pulmonary 


tuberculosis. The patients on the tuberculosis wards were receiving chemotherapy con 


sisting of streptomyein, para -aminosaheyle acid, tproniazid, and viomycin alone or 


in various combinations. From these patients, monthly specimens were obtained for 


eulture From pratie nts who were on medical wards sputum was collected in 24 hour 


specimens and, from those on tuberculosis wards, in S)-hour specimens, so as to con 


tain three morning samples. In the second series, 219 specimens of sputum were inocu 


lated from patients whose sputum had been known to contain tubercle bacilli in the 


recent past kiach specimen Was ¢ olleeted stenle wide mouthed bottle. to which an 


equal amount of 3 per cent sodium hydroxide was added. This was placed in a shaker 
| 


for thirty minutes, followed by thirty minutes of incubation at 37.5°C. A 50 ml. portion 


was centrifuged at 5.000 p.m. for twenty minutes the supernatant was decanted, and 


Tansnis, ano Farsen, A. Am. J. Clin. Path., 1951, 27, 101 

*Frisen, A. W., ano Am. Rev. Tubere., 1951, 64, 551 

Tarsus, M.S Personal communication 

‘Mecvin, G.C., Jones, anv Comminos, M. Am. Rev. Tubere., 1951 
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NOTES 


TABLE 1 
Restcrs or Paary Isotation of 


Mepiem, ATS Mepiem, Lowenstein Jews 


Specimens positive on 

At least one of the media 

All three media 

Blood agar 

ATS 

Lowenstein Jensen 
(srowth of 332 specimens positive on blood agar 
All three media 
Blood ina ATS 
Blood agar and Lowenstein Jensen 
Blood agar on! 


(irowth ippearing sitnin three weeks on 


Blood agar of 342 
ATS of 462 
Lowenstein Jensen of 4 


Contamination in 2.650 specimens on 
All three media 
Blood 
ATS 


Lowenstein Jensen 


the 


phenol red indicator. The sediment was shaken 


dium. The order in which the different media 


in all media in 36 instances: on the blowd agar medium 


medium im 156: and on the Lowenstein Jensen medium 


, 


specimens, 572 were positive for M. tuberculosia. The positive cultures were obtaimed from 


PABLE 2 


Restirs of Primary 
(Spoonp ATS Meow. 


Specimens positive on 
At least one of the media 
All three media 
Blood war (second 
\TS 
Lowenstein Jensen 
Growth appearing within two weeks on 
Blood second 
ATS 


Lowenstein Jenser 


sediment was neutralized with normal hydroehlori« 


sere inoculated was 


of Mo Tu seret toss 


Hank 


249 instances 


110 instances 


Meroe 


contamming O.004 per cent 
pl on each ov 


varied from day 


In the first series of 2.659 specimens inoculated contamination of the tube occurred 

\TS 

the total 


on the 


195 specimens of sputum and 77 specimens of gastric contents. These specimens were 
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19 
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NOTES 


denved trom 15 patents on the merdeal wards and 14S patients othe tuberctilosps 


wards Omily the patients on the tuberculosis wards were receiving antituberculots cheno 


therap 
The colonies of M. tuberculoma within the firet three weeks SI tubes on the 


blow! agar medium, in 113 on the ATS medium, and in 124 tubes on the Lowenstein 


Jensen medi 


cnn medun 


The cultures were positive on the different media as follows: 34 


on ATS medium, and 491 on Lowenstein Jensen medium. Of the 352 specimens 


positive for VW tuberculoma on blood awar medium, 280 were positive on all three tied 1.4 


vere positive on blowd agar medium ul ATS medium, and 22 were positive on blood 
war amd Lowenstem Jensen media vlule S were positive on blood agar tedium alone 


table | 


In the seres of 219 Species hosen from puatients vhe 


ing tubercle bacill nm the sputum the tubes were contamimated in S instances: 2 on the 


mar on \TS none on Lowenstein Jensen 


Of the remaming 211 specimens, 114 were positive tor Vo tuberculosis on at least one of 


the media, 70 were positive on the second blood agar medium, S2 on ATS mediim, 05 on 


Lowenstein Jensen medium, and 44 on all three media (table 2 OW the TO eu tures positive 


on the blood medium, the colomes first appeared in DS cultures between the filth and 


7 of the cultures on \TS tree in 


fourteenth da of incubation. This oecurred u 


Goon the Lowenstein Jensen 


From the results obtained. it is concluded that blood agar medium os not as suitable for 


the primary polation of Vo tuberculosms patients receiving antituberculous 


as are the ATS medium and the Lowenstein-Jensen medium Nevertheless, the results 
obtained in the second senes suggest the merits of the second blood agar meduim for the 


early polation of tuberculosis 


In summary \n evaluation was made ofl blow! agar medi comparing if with the 
latvon V 


ATS medim and the Lowenstem Jensen medium for the primar is 


culoma, The blow! agar medium ielded fewer isolates of tubercle bacilli than the 


ATS medium and the Lowenstein Jensen medium. However, the colonies of MW. tube 


culosta ippeared earlier on the second blood agar medium than on any of the other medina 


James Noman 


Houston, Texa 


Verernans ADMINISTRATION Hosprrat 


TEXA 
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Correspondence 


IMMEDIATE DELETERIOUS EFFECT OF ISONIAZID ON COURSE OF 


BEROCULOUS MENINGITIS 


To th 


Kditor of The American Review of Tuberculosis and Pulmonary Diseases 


Subsequent to the introduction of isoniazid into the treatment of tuberculous menin 


vitis, we have noted ¢ of deterwr ition of several! patients This 


fested by | yperpyvrexia and exaggeration of the cerebrospinal fluid and neurologic changes 


has occurred within twent four to ninety six hours after S to 10 mg. per kg. per day of 


isoniazid has been started 


In table | are recorded pertinent observations on 17 infants and « luldren with tubereu 


lous meningitis. All were closely observed immediately before and following initiation of 

antinuerolial therapy. Nine received streptomycin, and S received streptomycin plus 

monmzid. OW the former, only one showed «a marked incrense infever within two da Six ol : 

the S who received Moniazid became hyperpyretic within forty-eight hour Increased 

ibnormality of the cerebrospinal fluid occurred more often. earlier. and to greater degree 

in those whe received isoniazid in addition to streptomyvein 

TABLE 1 


otal number o patient 


i perpyrexia 


lime interva lin 2daval+ 41 2 dave 


Cerebrospinal fluid worse 


Time interva lin 2 days lin | da 


lin da 
Climeally worse (moderate)t (5 marked] 


2 days lin | da 


hours 


i2ada 


*Marked in both cells and protein 


Two with increased irritabilit rigeuedit 1 witl deepening coma 


t Two with increased le tharg 2 with convulsions: one with decerelrate riguedit one 


sith increased « 


These observations twvest that the protound changes tun be manifestations of a 


Herxheimer-like reaction due to destruction, by two such potent sterilizing agents as 


and streptomyvem, of large numbers of multiplying tubercle bacilli with release 


of tuberculin 


Sincere! nite 


of Preorares Manvernen Miver 

Nationan Jewrsn aAnp \ernun Rowinson 

UNIVERSITY OF COLORADO ScHoot Mippitennoos 
or ALWaAy 


Denver, COLORADO 
November 15, 1054 


This project was supported, in part, by the United States Public Health Servier. Grant 
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\ POSSIELE ANTAGONISTIC EFFECT BETWEEN PNEUMOTHERAPY 


AND CHEMOTHENMAPY 


To the Kditor of The Amerwan Remeu of Tuberculosia and Pulmonary Diseases 


The letter written by Dr. Cutler is an excellent example of the same authority beimg 
used to prove opposing pots of view, the article by Byork (J. Thoracic Surg., 19538, 2, 
533) having been quoted in our orginal communication 

That the bronchial circulation with its anastomoses will keep the pulmonic tissues alive 
in a completely atelectatic lung is well known. The question at issue becomes: How 
wlequate is this circulation for bringing therapeutic agents to the lung parenchyma im 
effective concentration? Obviously this question is more important when dealing with a rel 
atively nondiffusible agent such as streptomycin than when an agent with a much smaller 
molecule such as isoniazid is being used. In his letter, Dr. Cutler mentions that the 
bronchial cireulation contributes not more than | per cent to the total pulmonary circula 
tion.”’ Does this mean that an atelectatic area would get only | per cent of the amount of 
streptomycin, for example, that adjacent normally aerated tissue was receiving? With 
the passage of time and the opening of collaterals the proportion would undoubtedly 
become greater, but how much time would be required ? 

These are theoretical questions concerning which we do not pretend to have accurate 
information. Liebow and his associates (Am. J. Path., 1950, 26, 177) found after ligation 
of the pulmonary artery in dogs that expansion of the bronchial collateral circulation was 
well advanced within twelve weeks, but twelve weeks may be a long time in the present 
lay treatment of tuberculosees 

In the early days of chemotherapy, when the close association between the open cavity 
ind the development of resistant strains of M. tuberculosis was first noted, it was the prac 
tice at Mavbury to attempt to induce collapse of the lung before giving streptomycin, Any 
such procedure we now believe to be erroneous in the present, more vlvanced day of 
intimicrobial therapy. We believe that the patient should have the benefit of an unim 
peded pulmonary circulation, at least during the initial phase of chemotherapy 

What may be the ultimate synthesis of the best in pneumotherapy and chemotherapy 
noe one can prediet at the moment. As stated in our first letter, the pendulum may have 
swung to the extreme in neglecting temporary collapse measures. At the same time we 
stand by our original contention that, particularly when streptomycin is used 


pneumotherapy, if successful, may tend to inhibit specific therapy by way of the blood 


stream 
Sincerely yours 
Wa Mayuuny Sanarontum (Derror Woopnuret 
Mienrorpan Sanatorium) Winsor J. Sreinincer 
Micnigan kona M. Jones 


January 14, 1955 
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Books 


Biochemical DererMinants or Micromat Diseases. By René J. Dubos. Pp. 152, 
Harvard University Press, Cambridge, Massachusetts, 1954. Price. $3.50 


In the great majority of studies of host-parasite relationships, there has been the tend 


ency to consider the microbial agent, on the one hand, as it behaves in simple artificial 


media, and the reactions of the host, on the other, as the effects ofits serum of plasms on 


the infectious agent. This leaves out of consideration the essential environment or e« ology 


of the host-parasite interactions in the infected individual. The general milieu interieur 


which is reflected in the plasma is not the biochemical situation within the phagocyte in 


which most microbial agents find themselves in vivo: nor is it the condition of the lo« ally 


infected tissues 


It is the special contribution of this illuminating and comprehensive monograph te 


elucidate some of the biochemical changes produced in the host at the site of infection 


which affect the proliferation of the microorganism, its essential structural antigenic com 


ponents, the actions of its endotoxins and its phenoty pic expressions, such as the produc 


tion of its lethal exotoxins. It is these factors which, to a great extent, determine whether 


the degree of proliferation of the microbial agent will cause progressive disease or a mere 


silent infection. For, infection is widespread; disease is rare. This is true not only of tu 


berculosis and other bacterial infections but also of viral and even of microbial plant 


cliseases Nonimmunologic factors such as cortisone, sex hormones, raliation, and the 


presence of boron will determine whether latent infestations by pseudotuberculosis mu 


rium, Bitner’s virus of mammary cancer, intestinal bacteria, or the crown gall micro 


organism, respectively, will remain inapparent symbionts or destroy the affeeted indi 


\ dual 
The virulence of human- and bovine-type tubercle bacilli for the rabbit and calf cannot 


be understood on the basis of the behavior of these bacteria on the current artificial 


media, but rather on the basis of the as vet unknown. subtle biochemical changes that 


take place at the site of infection in these species, changes which are deadly to the human 


bacillus, on the one hand, and are borne with impunity by the bovine bacillus, on the 


other 


The inflammatory area at the site of infection is the site of intensive glycolytic metabo 


lism, of high earbon dioxide and low oxygen tension, where high concentrations of lactic 


wid accumulate and where the pH is markedly depressed. These local biochemical changes 


exercise a profound influence on the proliferation of the microorganism, When antigens 


and antibodies interact, there is a frequent activation of proteolytic and autolytic enzymes 


The release of nucleic and fatty acids and certain basic amines at the site of tissue necro 


sis may influence the survival of the infectious agent and affect the bacteriostatic prop 


erties of antibnoties 


It is in this light that the author considers infection and disease, the fate of micro 


organisms in rive, and the biochemical disturbances produced by infection. Special appli 


cation is made to the action of endotoxin in vivo, the Shwartzman and anaphylactic 
reactions, the problem of tuberculosis, and the relationships between inflammation and 

It is beyond the scope of this review to detail the many processes which Dr, Dubos 
integrates in such masterly fashion. What is clear is that it gives a powerful impetus to 
the analysis of the host-parasite relationships from the most fundamental biochemical 
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approach. It is this approach which promises a rich harvest of understanding, and, hence, 


eventual power in man’s struggle against some of the hostile factors in his environment 
Max B. Lurie 
Philadelphia, Pennsylvania 


Tue Sunceny or Purmonany By James H. Forsee. Pp. 208, with illus 
trations, Lea & Febiger, Philadelphia, 1954, Price, $6.50 


This monograph is a fine contribution because the concepts of the surgical treatment of 
pulmonary tuberculosis have radically changed in the short period since chemotherapeutic 
agents have been available. It will bring the reader up to date with the recent develop 
ments of the applicability of surgery in the treatment of pulmonary tuberculosis 

The monograph is divided into three parts. The first part discusses principles in the 


application of surgery to pulmonary tuberculosis. There is a section concerning the general 


aspects of the patient and his disease. This is followed by a review of the surgical aspects 


of pulmonary tuberculosis, with an excellent discussion by Major T. E. Puekett of the 


pathology of pulmonary tuberculosis in relation to surgical therapy 


Part two concerns the operative procedures. In a brief but comprehensive manner, 


the development and usual tee hniques ot collapse therapy ire described, inc lucding inci 


cation, complications, and results, Similarly, the techniques used in extirpative surgery 


such as lobectomy, pneumonectomy, segmental resection, and wedge resection are de 


scribed. The factors determining the amount of lung to be removed are mentioned 


The longer third part of the monograph is devoted to the extensive experience of 


Colonel Forsee and his colleagues with the surgical therapy in pulmonary tuberculosis at 
Fitzsimons Army Hospital The details of anesthesia, preoperative care, postoperative 


care, and the rarely mentioned but important physical rehabilitation of the postoperative 


thoracie patient are thoroughly described 
At greater length there are chapters relating the experiences of extrapleural thorace 
plasty. These should be contrasted to the author's highly encouraging experiences with 


extirpative therapy, which since chemotherapy has found wider application in the treat 


ment of pulmonary tuberculosis, Such topies as indication, distribution, and type of 


extirpative surgery, chemotherapeutic programs, length of hospitalization, and follow-up 


are thoroughly explored 


Throughout are interspersed illustrative case reports, photographs, tables, and graphs 


which reinforce and clarify the text. The statistical material 4eems significant in view ol 


the author's large expenence 
There has been a great need for this book for all those who care for patients with 


pulmonary tuberculosis The author is to be congratulated for his clear and informative 


expression on this difficult subject 


BE. Wanrz 
New York, New York 


Liebowitz 


Invecrious Mononve Modern Medical Monographs, No. 5. By Sidney 
Pp. 163, Grune & Stratton, Ine., New York, 1954, Price, $4.75 


This monograph, based primarily upon the author's observations in twenty-four successive 


sporadic cases, represents a fairly well-rounded summary of the current facts and concepts 


related to the syndrome of infectious mononucleosis. Major emphasis is placed upon the 


practical aspects of the clinical. hematologic, and serologic manifestations of the svndrome 
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No attempt is made at a comprehensive review of the literature, although an extensive 


ist of references ts included 


It should be emphasized that the author's observations are from spormde cases of 
infectious mononucleosis. The frequent occurrence of clinically inapparent infectious 
mononucleosis with hepatic mvolvement hematology and serologn manifestations os 


not, therefore, given extensive consideration. Nevertheless, the fact that these observa 
tions are from sporadic cases of clinically apparent disease allows the author to emphasize 
many lesser known pathologic occurrences in this svndrome 

The ommions expressed by the suther will be of great interest to those concerned with 
the many clineal facets of this syndrome. This monograph is well written and ts enthusi 
istically recommended to those interested in infectious mononucleosis 

LeMatsrns 
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of Exrouative Cyrotoay. By Cieorge N. Papanicolaou Harvard University 


Massachusetts, 1954 


The Atlas of Exfoliative Cytology by Dr. George N. Papanicolaou is a masterful presen 
tation of the field of exfoliative cytology by an expert 

Phis atlas is in loose-leaf form in order to allow for future addition and correction. In 
i new field such as exfoliative cytology, such a form is advantageous, since new concepts 
ind techniques are appearing rapidly. However, librarians will view this format with a 
jaundiced eye, as loose-leaf books are notoriously difheult to keep intact 

Phe book is divided into three parts. First, there is a detailed description of technique 
hach anatomic area requires a slightly different technique. The method of collection 
fixation, and staming of smears from the female genital tract. of urine sputum, gastre 
secretions, pleural and peritoneal fluid, breast secretion, and rectal and colonic washings 
is presented ina concise and clear fashion 

In the second part, Dr. Papanicolaou discusses in detail the criteria for malignaney in 
exfoliated cells. The criteria are presented in outline form and are under several headings 
nuclear changes toplasmic change; changes of the cell as a whole: criteria based on the 
interrelationship of ce ind, finally, indirect criteria, This section should be of great 
help to the student of eytolog 

The third and largest section of the book is devoted to discussion. des nption, colored 
lrawings, and photomicrographs of specific systems. These are the female genital, male 
venital, urimar respiruteor ind digestive systems. The cytology of pleural, peritoneal 
ind pericardial exudates is discussed, as are the specific cells seen in breast secretions 


The colored drawing lone by Hashime Murayama, are good, and reproduced well. The 


colored photomicrographs are, in general, good, but an occasional group ippears to lack 
detail. This may on be in contrast to the drawings in which detail j pres ited so well 


Photomicrographs of groups of cells are difficult to do. since all cells are rarel Ingne plane 

The cells desquamated from the respiratory system are presented in groups. For ex 
imple, twenty-three examples of the columnar cells seen in sputum and bronchial wash 
ings are presented on one page, so that the student may immediately see what character 
istics they all have in common, and also how they may differ. This manner of presentation 
the author refers to as comparative evtologyv and it appears to be a useful method for 
students. Malignant cells seen in a case of alveolar-cell carcinoma. oat-cell « ireimoma 
ind squamous carcinoma of the lung are shown ywainina single plate. Cells from meta 


static lesions are also illustrated. The plates on the respirator “vetem cover also patho 
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logie conditions of the lung, such as bronchiectasis, adenomatosis, bronchial eyst, and 


adenoma. The section on the respiratory system is complete and the illustrative cells are 


well chosen 


The later plates in this atlas are an even further extension of “comparative cytology 9s 


There are photomicrographs of multinucleated cells from vanous organs The drawings 


of histiocytes from different sources are superb and, [ venture to say, will become a classic 


in “comparative cytology 


Thix atlas ix highly recommended to morphologists interested in the field of exfoliative 
eytology 


Rorn M. 
Boston, Massachusetts 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


NOTICES 


PRACTITIONERS ON TUBERCULOSIS AND OTHER 


SYMPOSIUM FOR GENERAL 


DISEASES 


CHRONTC PULMONARY 


The fourth annual Symposium for General Practitioners on Tuberculosis and Other 


Chronic Pulmonary Diseases will be held in Saranac Lake, New York, from July 11 to 


15, 1955. It is approved for twenty-six hours of formal eredit for members of American 


Academy of General Practice 
This five-day course is designed particularly for general practitioners and presented 


over a period short enough so that they may readily attend. Many of the sessions are 


informal panel discussions with ample opportunity for questions from the audience 


Sessions will be held in the various sanatoriums, hospitals, and laboratories in the 


Saranac Lake area. The faculty will consist of physicians, surgeons, and scientists from 


Saranac Lake as well as guest lecturers 


Many doctors attending previous sessions of this Symposium have brought thet 


families with them to enjoy the many vacation facilities of the surrounding Adirondack 


Mountains. So that families may have the use of the family car, free bus transportation 


will be provided to the various meeting places for the doctors attending the course 


Excellent housing accommodations are available in and around Saranac Lake 


The registration fee for the Symposium is $40.00. Further information and copies of 


the program can be obtained by writing Dr. Richard P. Bellaire, General Chairman 


Symposium for General Practitioners, P.O. Box 2, Saranac Lake, New York 


ANNOUNCEMENT OF REGULAR CORPS EXAMINATIONS FOR MEDICAL OFFICES 


UNITED STATES PUBLIC HEALTH SERVICE 


A competitwe examination for appomtment of Medical Officers to the Regular Corps of 
the United States Public Health Service will be held in various places throughout the 


country on June 7, 8, and 9, 1956 


Appointments provide opportunities for career service in clinical medicine, research, and 


public health. They will be made in the ranks of Assistant and Senior Assistant, equiva 


lent to Navy ranks of Lieutenant (j.¢.) and Lieutenant, respectively 


Entrance pay for an Assistant Surgeon with dependents is $6,017 per annum; for Senior 


(ssistant Surgeon with dependents, $6,918. Provisions are made for promotions at regular 


intervals 


Benefits include periodic pay increases, thirty days annual leave, sick leave, medical care 


disability retirement pay, retirement pay which is three-fourths of annual basic pay at 


time of retirement, and other privileges 
(etive duty as a Public Health Service officer fulfills the obligation of Selective Service 


Requirements for both ranks are U.S. citizenship, age of at least twenty-one years, and 


graduation from a recognized school of medicine. For the rank of Assistant Surgeon, at 


least seven years of collegiate and professional training and appropriate experience are 


needed, and, for Senior Assistant Surgeon, at least ten years of collegiate and professional 


training and appropriate experience are needed 
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Entrance examinations will include an oral interview, physical examination, and compre 


hensive obyects e examinations in the professional field 


pple tition min bee writing to the ( hief Division ol Personne! Publi 
Health Service, Department of Health, Education, and Welfare, Washington 25, D. ¢ 


( ompleted apple ation formes must be received in the Division of Personnel no later than 


Vay 6 1946 


ANNUAL MEBRTING OF THE AMERICAN COLLEGE OF CHEST PITYSICIANS 


The Twenty-First Annual Meeting of the American College of Chest Physicians will 
be held at the Ambassador Hotel. Atlantic City New Jersev. June | through 5, 1955 


The scientific program will include approximately 200 speakers representing specialists in 


all aspects of diseases of the heart and lungs. In addition to formal presentations, the 


program comprises a number of symposiums round-table luncheon discussions, diagnosti 


treatment conference, and motion pictures. More than the usual amount of time has been 


illotted for open discussion 
\ new feature this year will be the Fireside Conferences, to be presented on Friday 


evening, June 3. At this session more than thirty experts will be present to lead the dis 


cussions on as many subjects of current interest in the specialty of diseases of the chest 


Fellowship examinations will be held on June 2, and on Saturday evening, June 4, more 
| 


than 100 physicians will receive their Fellowship certificates at the annual Convocation, 


which will precede the Presidents’ Banquet 
All interested physicians are cordially invited to attend the Twenty-First Annual 


Meeting of the College; there is no registration fee. Copies of the program may be ob 


tained by writing to the Executive Offices, American College of Chest Physicians. 112 


Least Chestnut Street 


Chicago 11, 


ASIAN-PACIFIC: TUBERCULOSIS CONFERENCE 


The Asian-Pacific Tuberculosis Conference will be held in Sydney, August 15 to 21, 


1955, the week preceding the Australasian Medical Congress 


\s well as Interstat isitors and representatives ol South-East Asian countries, other 


emiment delegates will be attending from North America, the United Kingdom and 


hourope including Dr. Johannes Holm, Chief of the Tuberculosis Section Division of 


Communicable Diseases, of the World Health Organization. The program includes dis 


cussions on BOG vccination and tuberculosis control and treatment 


\ limited amount of accommodation will be available for visitors in Wesley College, at 


the University of Svdney. Further information may be obtained from: Dr. Bruce Geddes, 
Conference Secretar The Royal North Shore Hospital of Sydney, Crows Nest, New 
South Wales 
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rENTH ANNUAL SCHERING AWARD COMPETITION OPENS FOR NATION'S 


VEDICAL STUDENTS 


The tenth annual Schering Award competition for medical students has opened, it was 


announced by Dr. Robert W. Burlew, chairman of the award committee. Its aim is to 


encourage medical writing and exploration of current research literature 


litles of three subjects on which American and Canadian students are invited to submit 


papers this vear are: Current Concepts in the Management of Osteoporosis; Prevention 
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and Treatment of Blood Transfusion Reactions; and Recent Trends in the Clinical Use 
of Adrenocortical Steroids 

Both a $500 first prize and a second one of $250 will be awarded for each of the three 
subjects. Outstanding authorities in each field will select the winners. Special recognition 
in the form of a professional gift will be given each student submitting a meritorious paper 

Deadline for entry forms specifying the choice of title is July 1. Manuscripts should be 
mailed not later than October 1. Students may compete individually or cooperatively in 
teams 

The Schering Award Committee brings outstanding papers to the attention of appro 
priate professional journals. Several papers by award winners of recent years have already 


been published in journals 


Dr. Burlew said that publication of these papers demonstrates the high level of research 


and medical writing attained by many participants in this traditional competition 
Information and instructions for the award competition are available from the Schering 
Award Committee, 60 Orange Street, Bloomfield, N. J 
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A significant contribution to practice and investigation 


THE TUBERCLE BACILLUS 


IN THE PULMONARY LESION OF MAN 


Histobacteriology and its bearing on the therapy of pulmonary tuberculosis 


By GEORGES CANETTI, M.D., Director 
of Laboratory, Pasteur Institute, Paris 


Foreword by 
René J. Dubos, Ph.D. and Walsh McDermott, M.D. 


A revised and enlarged version of Canetti’s Le bacille de Koch, brought up to date by the author, 
with a new extensive therapeutic section. Translated and edited by Drs. Dubos, McDermott and a 
group of their associates at the Rockefeller Institute for Medical Research and The New York Hos- 


pital Cornell Medical Center. 


When the tubercle bacillus and tuberculin allergy 


were discovered, complete underst wnding of the 


genesis and course of the various types of tubercu 


lous lesions seemed near. But investigators soon 


started and have continued on two separate paths 


studying either the tissue changes or the parasite 


Dr. Canetti ts the first to integrate bacteriologi 


and pathologr findings. He presents an objective 


ind comprehensive analysis of the relation of the 


type of the lesion to the multipleation and sur 


vival of the bacilli 


rhe therapeutic section (occupying more than 


me fourth of the text) is completely rewritten in 


It relates the successes and failures 


to ¢ 


this edition 


f chemotherapy histobactentologic 
findings in cases in which the disease has run tts 


course ted 


Important monograph 


SECTIONAL RADIOGRAPHY 
OF THE CHEST 


Hy Irving |. Kane, M.D. Consultant in Chest Diseases, 
U.S. Naval Hospital, St. Albans, New York 
Poreword by Edward D. Churchill, M.D 
on the subject 


In this first American book 


Dr Kane demonstrates the technique and 


the apecihe v ilue of the sectional radio 


method in the diagnosis ind man 
chest ( 
fully 


of the method 


graph 


wgement ofl diseases of the mecer 


wnd tuberculosis are very presented 
Cjroundwork ta laid for use 
in cardiovascular diseases 


bixecellent and ver useful of 


Internal Medicine 
The section devoted to technique is pa 
of the 


ticularly good the reproduction 


filma is excellent 


Tuberculosi 


164 pages, 243 illustrations in 101 figures, $8.50 


SPRINGER PUBLISHING COMPANY, 


THE CHAPTERS: 

Histology of Pulmonary Tuberculosis: A Review - 
The Tubercle Bacillus in the Pulmonary Tubercu- 
lous Lesion « The Histobacteriogenesis of Tuber- 
culous Lesions: Experimental Studies - Tubercu- 
lous Lesions and Immunity « Tuberculous Lesions 
and the Therapy of Tuberculosis 


In addition to its practical importance, this study 
of the pathogenesis of tuberculosis has great theo 
retical interest because the disease exemplifies all 
the complex and subtle phenomena of host parasite 
relationships. Dr 
tive reasoning to derive from his findings broad 
philosophic concepts of infection and disease. His 


Canetti has used logical deduc 


hook constitutes not only a rich store of valuable 
documents, but also an intellectual treat for those 
eager to integrate the practical problems of medi 
cine within the framework of biological phi 


losophy 


René Dusos and Watsu McDeaworr, in the 


Foreword 


238 pages, 48 illustrations 


Springer Publishing Company, Inc. 
44 East 23rd Street, New York 10, N. Y. 
Please ne nel, on approval 
|} THE TUBERCLE BACILLUS, Canetti $8.50 
}) SECTIONAL RADIOGRAPHY, Kane $8.50 
Cheek for § 
shipping 
In N.Y.C 
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The importance of freshness in a rose ts obvious, 


but until recently it was not generally realized that 


freshness is equally important to PAS 


It has now been demonstrated that a marked de- 


terioration develops in PAS with age, and upon 


exposure to light, air and moisture. Any lack of 


freshness in PAS produces decomposition, discolora- 


tion and unpleasant taste. These factors increase the 


incidence of gastro-intestinal distress, and reduce 


the efficacy of the drug. 


To preclude the development 
of these undesirable effects, 
Hellwig’s neutral PAS so- 
dium crystals now carry an 
expiration date, after which 
we consider it inadvisable to 


use the drug. 


lor Purity, Freshness, Taste 
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for greater safety in streptomycin therapy... 


DISTRYCI 


Squibb Streptoduocin 
Streptomycin and dihydrostreptomycin in equal parts 


Distrycin has an important advantage over streptomycin. It has the same 
therapeutic effect but ototoxicity is greatly delayed. Since the patient 


is given only half as much of each streptomycin drug as he would have on 


a comparable regimen of either one prescribed separately, the danger of 


vestibular damage (from streptomycin) or cochlear damage (from 
dihydrostreptomycin) is significantly lessened 


Signs of vestibular damage appear in cats treated with Distrycin as much 
as 100 per cent later than in animals given the same amount of streptomycin. 


*Heck, W.E.; Lynch, WJ., and Graves, HL: Acta oto-laryng, 44-416, 1953 


Distrycin dosage is the same as for streptomycin. In tuberculosis the 


routine dose is | Gm. twice weekly, in conjunction with daily 


para-aminosalicylic acid or Nydrazid (isoniazid). In the 


more serious forms of tuberculosis, Distrycin may be given 


daily, at least until the infection has been brought 


under control. 
Powder, 


1 and 5 Gm. vials. 
Solution, 


SQUIBB 0.5 Gm. per 1.25¢e., 


a leader in streptomycin research and manufacture 2.5and 12.5cc. vials. 
(expressed as base) 


*‘Distrycin’'® and ‘Nydrazid’'® are Squibb trademarks 


N 
dosage 1 120 days, ototoxicity follows: 
“Cat treated 
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RAYTHEON MICROTHERM advarlages wher 


Raytheon Microtherm® Diathermy makes it possible to deliver ara 
deep heat to the tuberculosis patient almost as safely as to the non- ti ‘’ 
tubercular.’ No harmful effects are observed as far as the 4 
pulmonary lesion is concerned.’ Marked benefits result in the hai 
treatment of osteo-arthritis, fibromyositis, bursitis, 


peripheral neuritis and sprains.’ / 


Areas at a distance from the lungs — ankle, knee, and hip 
joints, and the sciatic nerve distribution can be treated without extra fr 
precautions, by using the directors best suited to the 
particular area and condition.’ 


Your medical equipment dealer will gladly 
demonstrate new Raytheon Microtherm, Model CMD-10. } 


1. Rudin, L. N., and Jensen, JR. C. M. Digest, XX: 7, 1953 
Copies of this article are available on request. 


RAYTHEON MANUFACTURING COMPANY 
Microwave and Power Tube Operations, Section NB-TA Waltham 5), Mass. 
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The Behavior of 
Pulmonary Tuberculous Lesions 


by E. M. MEDLAR, M.D. 


43 illustrations in color 


In this monograph, published originally as a supplement to the March 
issue of The American Review of Tuberculosis and Pulmonary Dis- 
eases, the author has brought together in these eleven comprehensive 
sections the results of a lifetime of observation and interpretation. 


. STATEMENT OF THE 


. Experimenta APPRoacn. 


. Necropsy Srupres or Human Putmonary Tusercuiosts. 


. Discussion or Resecrep Specimens. 


. Besaviorn or tue Tusercuious Lesion. 
. A Srupy or Resecrep Tusercvosis. 
. Bronwcutat Lesions Tupercvu 


. anp Broncurecrasis. 


. Bacrerioioctc OnservaTions. 


. Re-ExaMINATION oF THE PROBLEM. 


XI. 


Postscript. 


A few extra copies of this monograph are available at the following postpaid rates; 


Send your order and payment at once to 
THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 
1790 Broadway New York 19, N. Y. 


240 pages 
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